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(LEPIDOPTERA: PLUTELLIDAE) IN CAULIFLOWER 
BY 
 
Bashir Ahmad and Ahmad-Ur-Rahman Saljoqi 
Department of Plant Protection, The University of Agriculture, Peshawar-Pakistan 
 
ABSTRACT 
Population dynamics of P. xylostella was studied on cauliflowers in Haripur, Peshawar 
and Swat districts of Khyber Pakhtunkhwa, having different altitudes and climatic conditions, 
during the two seasons from June to November in 2012 and 2013. The highest population of 
larvae and pupae per cauliflower plant was recorded in the month of September in all areas 
whereas the lowest was measured during July in both years. The population dynamics was 
correlated with the weather parameters and it was found that there was statistically non-
significant (P>0.05) associations with temperatures (maximum and minimum) whereas the 
interaction with the relative humidity (RH) was non-significant in Haripur (2012 & 2013) and 
Swat (2013) and significant in Peshawar (2012 & 2013) and Swat (2012). Rainfall (RF) had a 
negative and highly significant (P<0.01) association with the population of P. xylostella.  
Multiple Regressions displayed 87.56 to 98.06% variability in population dynamics of P. 
xylostella in the studied areas due to weather parameters. To determine genetic variability 
among the populations of P. xylostella, 3rd and 4th instar larvae were collected from Haripur, 
Peshawar and Swat having distinct geographic conditions and altitudes and were investigated 
by using RAPD (DNA) primers technique. Seventeen primers were used that produced 64 
bands at different loci within a range of between 250 to 1500 bp. The bands produced were all 
monomorphic and no polymorphisms were detected in the three populations. For the 
management of P. xylostella Lufenuron (5% EC-200ml/Acre), Steward (15.84% EC-
175ml/Acre), Emamectine Benzoate (1.9% EC-200ml/Acre) and Arrivo (10% EC-
250ml/Acre) pesticides were used in cauliflower.  Lufenuron was found significantly more 
effective in terms of pest suppression, highest biological efficacy (B.E) and yield as well 
found safe for the parasitoids as compared to all other insecticides whereas Arrivo insecticide 
was found at par with the control. Similarly garlic, tomato, chilli and coriander were 
intercropped with cauliflower for two seasons to manage the infestation of P. xylostella.  
Garlic reduced the population significantly (P<0.01) as compared to other intercrops and 
likewise, the highest average yield, maximum percent gain over the control and avoidable 
losses per plot was obtained in cauliflower + garlic plots whereas the lowest yield (30.16 
Kg/40 plants), minimum percent gain (7.56%) and percent avoidable losses (7.03%) was 
attained from the cauliflower plots intercropped with the coriander. Synchronized study was 
conducted of the best insecticide (Lufenuron) and intercrop (garlic) obtained from the 
previous experiments against P. xylostella in cauliflower. Lufenuron + garlic interaction 
showed significant results with highest biological efficacy (85.08 %), highest gain (90.68%) 
over control and percent avoidable losses (47.56%) and to suppress the infestation of P. 
xylostella as compared to their independent encounters. The combination of Lufenuron + 
garlic is recommended for farmer’s practices in cauliflower for the management of P. 
xylostella.  
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Chapter 1 
GENERAL INTRODUCTION 
1.1 CAULIFLOWER, BRASSICA OLERACEA (L.) 
 
Majority members of the cruciferace family represent economically important crops 
like cauliflower, cabbage, broccoli, cole crops, canola, mustard, radish and turnip. These 
crops contain important dietary essentials and components (Shelton, 2004). The cruciferace 
family comprises about 350 genera and more than 3,500 cultivated and wild herbs species 
(Warwick et al., 2003).   
Cauliflower, B. oleracea is an important member of the family cruciferace. It is 
basically a Rabi (cool season) vegetable and only the white curd (head) of aborted floral 
meristems is eaten whereas the remaining vegetative portion are either used in vegetable broth 
or discarded (Sharma et al., 2004). The soil rich of organic matter and can retain high 
moisture contents is ideal for cauliflower growth and development. It is a cross pollinated 
crop and insects are the main source of its pollination. It is one of the most popular vegetables 
in the cruciferace family throughout the world as well as in Pakistan.  
Cauliflower is a great source of livelihood for small landholders and vegetable 
growing farmers in Pakistan. In Pakistan during the year 2011-2012, this vegetable was 
harvested on an area of 13,622 hectares with a total production of 234,346 tonnes. In Khyber 
Pakhtunkhwa province, cauliflower was grown on an area of 1,480 hectares, with a 
production of 16,102 tonnes in 2011-12. The percent share of the province in area was 
10.86% whereas in production it contributed about 6.87% (Fruits, Vegetables and Condiments 
Statistics of Pakistan, 2013).  
1. Several biotic and abiotic factors reduced the production of cauliflower around the 
world. Biotic factors responsible for the low yield of cauliflower include insect pests such as 
diamondback moth, army worm, aphids, cabbage worms and flea beetles and diseases such as 
back rot and club root (Nyambo and Pekke, 1995). Cabbage worms such as butterfly species 
like Pieris rapae- white is a small to medium sized butterfly species of the family Pieridae is 
also a serious pest here in Pakistan and needed to be controlled. 
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1.2 ORIGIN OF PLUTELLA XYLOSTELLA (L.) 
  
Waterhouse and Norris (1987) reported that Plutella xylostella originated in the 
Mediterranean area. Kfir (1998) stated that P. xylostella might have roots in South Africa on 
the basis of availability of its parasitoids in great numbers in the area. Liu et al. (2000) 
reported that P. xylostella come from China. Shelton (2004) said that whatever the origin of 
P. xylostella is, it is present everywhere in the world where the crucifers’ crops are grown. 
Initially P. xylostella was placed in the genus Phalaena by Linnaeus in 1746 but later 
on Curtis changed its name to Cerostoma maculipennis in 1832. During the year 1843 Zeller 
named it Plutella crucifersurum. Plutella xylostella had gone through several other genus and 
species name changes and then finally in 1966, the name was changed by the International 
Commission on Zoological Nomenclature to P. xylostella (Bradley, 1971; Moriuti, 1986). 
There is still some persistent confusion about its family name because the inconsistencies 
found in literature with papers placing the P. xylostella in the family Plutellidae and other 
papers keeping it in the family Yponomeutidae.  
 
1.3 BIOLOGY OF P. XYLOSTELLA 
 
Plutella xylostella commonly called the diamondback moth (DBM) because of the 
diamond shaped-wing markings in the moth when at rest. The pattern is sometimes 
constricted to form one or more light coloured diamonds on the back. Plutella xylostella is 
approximately 6-10 mm in length, slender, grayish-brown moth with pronounced antennae. 
Both adult males and females can live about 12 to16 days and the usual life span is about two 
weeks. The moths are weak fliers usually flying within 2 m of the ground. Plutella xylostella 
is nocturnal and majority of the adults emerge during the first 8 hours of the photophase. 
Mating occurs at dusk of the same day the adults emerge (Capinera, 2000; Cordero and 
Kuhar, 2004). 
Liu and Lee (1984) reported that P. xylostella has 21 overlapping generations whereas 
Vickers et al. (2004) stated that there are 4 generation in temperate and 20 generations in 
tropical regions per year. Verkerk and Wright (1996) reported that P. xylostella is prolific 
species in tropical climates and can produce more than 20 generation in a year.  In Southeast 
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Asia P. xylostella produced 14-20 generations per year whereas in India and Pakistan it has 7-
14 generations (Poelking, 1990; Talekar and Shelton, 1993; Vickers et al., 2004). Liu et al. 
(2002) reported that P. xylostella has 20 generations per year in the tropical regions indicating 
that developmental duration from egg to adult stage is much faster in the tropical regions.  
Liu and Lee (1984) reported that the life span of P. xylostella is about 28. 10 days. The 
egg stage lasted on an average of 3.49 days, larval stage 8.24 days, pupal stage 5.10 days and 
adult stage 7.33 days for males and 7.19 days for females. Oviposition period is 3.33 days.  
Adult of the P. xylostella rest on their host plant during day-time and become active 
just before dusk (Hartcourt, 1957). Adults start mating soon after emergence and it continue 
for the first 4-15 hours following emergence (Pivnick et al., 1990).  Female lay most of the 
eggs during 1-5 days after emergence and lived for about nine days (Yamada, 1978). Abro et 
al. (1992) reported the rate of oviposition is very high in the evening and most of the eggs are 
laid in the first 24-48 hours soon after mating on the lower surface of the cauliflower leaves. 
Plutella xylostella has holometabolous metamorphosis and life cycle consists of egg, 
larvae, pupae and adult. Justus et al. (2000) reported that P. xylostella lay about 200 eggs 
whereas Yamada and Kawasaki (1983) stated that the number of eggs laid per female are 
variable. Its numbers increases when reared at a temperature ranging from 22.5°C to 27°C 
than at 17.5 or 30.0°C. Eggs of P. xylostella are oval, cylindrical to oblong shaped, yellowish 
green in colour with an average dimension of about 0.48 x 0.25 mm (Bhalla and Dubey, 
1986). 
Studies on chinese cabbage found that the adult female can lay around 37% eggs on 
the lower surface, 3% on stems whereas 60% eggs on the upper leaf surface. Oviposition is at 
peak (90% of the eggs are deposited) on the second day and after 6 days of the female 
emergence.  The eggs are laid singly or sometimes in a group of three to four on the leaves 
surface, margins and along the veins. Eggs hatch in 5-6 days (Poelking, 1990; Talekar and 
Shelton, 1993). 
The newly emerged first instar larvae are colourless to yellow and usually mine the 
spongy mesophyll tissues, whereas the other instars are surface feeders (Anonymous, 1996). 
The head capsule of the first instar larvae is dark with a developmental time range from 3-7 
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days (Talekar and Shelton, 1993; Capinera, 2000). Second, third and fourth instars consume 
leaves, flower, buds, green outer layer of the stem and developing seeds.  
The third and fourth instars caused the most serious damage in all the cruciferous 
crops (Talekar and Shelton, 1993). In this stage male and female can be determined through 
visual observation as on the fifth abdominal segment, male have a lighter colour with the 
adjacent segment whereas in female all segments are of the same colour (Liu and Tabashnik, 
1997). Stehr (1987) reported that the lighter colour of the fifth abdominal segment 
demonstrated that gonads (testes) are present in that segment. The range of conversion times 
is about 2-7, 2-8, and 2-10 days for the second through fourth instars, respectively (Capinera, 
2000).  
The pupae of P. xylostella are covered with a loosely spun net-like cocoon attached to 
the leaves, stems or seedpods of the host plant. At the initial stage it is light green but later on 
turn brown as the adult moths become visible through the cocoon. Abraham and 
Padmanabhan (1968) demonstrated that the newly created pupae is yellowish green which in a 
day or two became brown and steadily dark brown by the time of adult emergence. The pupal 
stage lasted for 7-11 days and the mean length of pupae is 6 mm. Pokharkar et al. (2002) 
stated that the pupal stage lasted for 3-7 days with an average length of 5 days. Jayarathnam 
(1977) reported that during summer and rainy seasons the pupal period last for about 4 days 
whereas in cold season it carries on for 4 to 5 days. Chellaiah and Srinivasan (1986) reported 
that the duration of pupal period vary from 4 to 15 days mainly depends on temperature. 
Adult P. xylostella are small, grayish-brown and medium sized about 6-10 mm in 
length. The antennae are pronounced and there are white marks on the front margins of the 
forewings. The total life span of adult males and females is about 12 to 16 days. Plutella 
xylostella is nocturnal in habit and majority adults emerge during the first 8 hours of the 
photophase. Mating occurs at the same day of emergence at dusk (Capinera, 2000; Cordero 
and Kuhar, 2004). 
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1.4 HOST RANGE OF P. XYLOSTELLA 
 
P. xylostella is a cosmopolitan pest and the larvae feed on members of the family 
cruciferace because they contain mustard oil and their glucosides (Hillyer and Thorsteinson, 
1971). Nayar and Thorsteinson (1963) reported that certain compounds such as glucosides 
sinalbin, glucocheirolin and sinigrin produced by the crucifer plants are mainly responsible to 
stimulate P. xylostella feeding on the crop.  
Practically all cruciferous vegetables are attacked by P. xylostella including 
cauliflower, cabbage, chinese cabbage, broccoli, collards, kale, brussels sprouts, kohlrabi, 
mustard, radish, turnip and watercress (Capinera, 2001). During spring, before the plantation 
of crucifer vegetables, P. xylostella feeds on different cruciferous weeds like yellow rocket 
(Barbarea vulgaris), shepherdspurse (Capsella bursapastoris), pepper weed, lepidium and 
wild mustards. These weeds support them in the absence of their main host. These cruciferous 
weeds thus serve as important alternate hosts (Talekar and Shelton, 1993; Capinera, 2001). Lu 
et al. (2003) reported that in China, cruciferous plants are extensively cultivated and P. 
xylostella is one of the most destructive insect pests.  
 
1.5 ECONOMIC STATUS OF P. XYLOSTELLA 
 
Economic losses engendered to crucifer crops by P. xylostella fluctuate significantly 
according to locality and regions. It is a grave problem for different crops around the world 
(Hillyer and Thorsteinson, 1971). Worldwide P. xylostella is considered as the key and most 
destructive pest of all crops in the cruciferace family (You and Wei, 2007). Plutella xylostella 
can bring about more than 90% losses in their host crop (Verkerk and Wright, 1996) and a 
few fourth instar larvae on cabbage and other hosts can make it unmarketable (Shelton et al., 
1983; Maltais et al., 1998). Walden (2002) reported that P. xylostella can cause 60 % losses in 
the yield of crucifer crops. The economic threshold of P. xylostella is 0.05/plant (Hartcourt et 
al., 1957). 
Arouiee and Karimzadeh (2006) studied the infestation caused by P. xylostella in 
cabbage and stated that this pest destroy all stage of the cabbage crop during its growth 
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causing defoliation, leaf curling and stunting. During worst conditions and high infestation of 
P. xylostella, the losses are much greater and usually cause almost 100% yield loss. 
 
1.6 STATUS OF P. XYLOSTELLA IN PAKISTAN 
 
P. xylostella was first recorded on crucifer crops during 1914 in Indo-Pakistan sub-
continent (Fletcher, 1914). A survey was conducted by Mohyuddin and Mushtaque (1983) in 
which they found and collected P. xylostella across Pakistan. At the beginning it was 
considered as a minor pest of crucifer vegetable in Pakistan (Ghouri, 1960) but later on P. 
xylostella become a key pest and was reported a serious pest of cruciferous vegetables in 
Southern Sind, Pakistan (Abro et al., 2013). 
In Pakistan, P. xylostella has become a serious agricultural pest across the country and 
is reported to cause extensive damage to cauliflower and other crucifer crops (Mushtaque et. 
al., 1995).  According to Abro et al. (1994) P. xylostella can cause nearly 100% losses in the 
production of cabbage in Pakistan. Muhammad (2005) reported that in Pakistan the 
management of P. xylostella in cauliflower is highly difficult due the development of multiple 
resistant against various pesticides groups. The economic losses are diverse but in untreated 
condition this insect is known to fully destroy cauliflowers. Alam (1992) reported that this 
insect is producing grim economic losses around the world. 
In Pakistan insecticides are mainly used to control P. xylostella but the poor response 
of most commonly used insecticides against this pest is a sign of resistance problem in this 
country. Natural enemies can be an effective substitution for insecticides but their capability 
has not yet identified and rationalized. Bio-controlling agent particularly the use of P. 
xylostella parasitoids is one of the most vital means of reaching this wide goal and it is to be 
imposed especially where control with insecticides has failed (Talekar and Shelton, 1993). 
 
1.7  WEATHER PARAMETERS AND POPULATION OF P. XYLOSTELLA 
 
Knowledge about the relationship between the life parameters of insect pest and its 
adaptations to climatic conditions play an important role in the management of the insect pest 
as its help in prediction the population dynamics, development timing, dormancy, migration 
7 
 
and reproduction (Nechols et al., 1999; Roy et al. 2002). Zalucki et al. (2009) reported that 
timely forecasting the population dynamics is very helpful for shaping budgets of insecticides, 
hiring extra crop scouts and taking strategic decisions on which crops to grow. Therefore, 
long term forecasts of P. xylostella population abundance would be particularly helpful for its 
proper management. Integrated management of P. xylostella greatly depends on a 
comprehensive knowledge of the various weather parameters that affect its population 
dynamics (Sow et al., 2013).  
The population dynamics of insect pests and their associated natural enemies are 
greatly influenced by temperature as it set the limits of biological activities (Huffaker et al., 
1999, Ansari, 2010). Humidity and temperature are among the vital abiotic factors that affect 
the population and biology of P. xylostella (Guo and Qin, 2010). Shirai (2000) reported that 
temperature above 33oC greatly affect egg laying and larval development of the P. xylostella 
whereas the developmental time of pupae decrease with the increase of temperature. The 
survival rate and pupal development of P. xylostella is increased at higher relative humidity 
(Alsaffar et al., 1996). The population of P. xylostella remained constantly high round the 
year during the hottest weather conditions at a temperature range of about 29 to 310C 
(Kuwahara et al., 1995). During rainy season, population of P. xylostella remains low due to 
the killing of its immature stage but it is not a major factor to reduce its population during that 
period (Sow et al,. 2013). 
Seasonal abundance of the P. xylostella and corresponding yield of cauliflower and 
cabbage are greatly influenced by weather parameters (Wagle et al., 2005; Venkateswarlu et 
al., 2011). Bana et al. (2012) stated that in comparison to late planted crops, early planted 
crops produce high yield and harbor less population of P. xylostella. Kuwahara et al. (1995) 
reported that adaptation of P. xylostella is high at elevated temperate environmental 
conditions than the temperate one. Chen et al. (1990) stated that populations of P. xylostella 
in tropical regions can tolerate higher temperature than the ones in the temperate regions. 
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1.8  RANDOMLY AMPLIFIED POLYMORPHIC DNA (RAPD) PRIMERS 
TECHNIQUE AND P. XYLOSTELLA 
 
Studies of insects on ecological perspectives provides useful information about the 
structure of the insect population, genetic diversity, speciation, gene flow and the diversity 
due to the interaction of the insects with biotic and abiotic factors of the environment. Data 
based on molecular marker help in differentiating various species (Jain et al., 2010). The 
RAPD marker technique is very effective method to determine variation between the 
geographically isolated populations. It is normally used for verification of the insect species 
either due to genetic selection, diverse weather conditions or a genetic drift (Fuchs et al., 
1998). RAPD markers method is very useful (De Sousa et al., 1999) to learn about the genetic 
structure of different populations of an organism,  
Kim et al. (2003) reported that knowledge of the genetic aspects and population 
structure of an insect pest may provide essential biological information for constructing 
optimal control strategies. Nevertheless, such studies on the P. xylostella are restricted to a 
small number of populations and locations of the entire world. 
 
1.9  INSECTICIDES IN MANAGEMENT OF P. XYLOSTELLA 
 
Plutella xylostella has developed multiple resistance to insecticides (Talekar and 
Shelton 1993; Shelton et al., 2000). The excessive use of conventional pesticides has posed a 
great threat to environment, occupational and public health (Pimentel et al., 1992; Cate and 
Hinkle, 1994). It is essential to utilize environmentally safe and sound insecticides and to 
apply a rational strategy like Integrated Pest management for this insect pest including 
biological control (Entwistle et al., 1993), intercropping (Srinivasan and Moorthy, 1991) and 
minimum use of insecticides (Jacobsen, 1996). 
In the past, conventional insecticides, mainly deployed for the control of P. xylostella, 
resulted into the development of resistance due to excessive use. Synthetic insecticides are 
widely used to suppress P. xylostella around the world due to its efficacy, ease of application, 
portability, quick result orientation and prevention of extensive damages to the crops (Nayak 
and Chibber, 2002). Ankersmith (1953) stated that P. xylostella was the first Agricultural 
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insect pest in the world that has developed resistance to Di-chloro, di-phenyl, tri-chloroethane 
(DDT).  Plutella xylostella is the sole insect pest that has developed resistance to the 
microbial insecticide, Bacillus thuringiensis (Tabashnik et al., 1990; Sayyed et al., 2000). 
Plutella xylostella has acquired resistance to 36 insecticides in 14 countries of the world 
(Georghiou, 1981).  
Control of P. xylostella is difficult for longer time with same synthetic insecticides as 
it develop resistance (Roush, 1997). Recently in the last few years several novel and 
microbial-based synthetic insecticide have been registered and developed for the management 
of insect pest like avermectins, various insect growth regulators, neonicotinoids, spinosyns 
and pyrazolines that have showed promising results. 
  
1.10  INTERCROPPING IN MANAGEMENT OF P. XYLOSTELLA 
 
Effective uses of intercropping are to prevent diseases and pests, maintain soil fertility 
and make extensive use of the land (Ghosh, 2004; Lithourgidis et al., 2010).  Intercropping is 
a useful cultural practice for management of various insects pest with minimum reliance on 
the use of synthetic insecticides. 
1.10.1 The Colonization of Crop 
The colonization of crops can work in many ways. It can keep away insect pests from 
crops due to the interference in visual detection and communications. Different volatiles 
releases from crops make it difficult for the pest to find its host. Similarly the frequent 
interaction and encounter of the pest with the non - host make the pest compelled to leave that 
territory (Asman et al., 2001). The intercropping of cabbage with the garlic, dill, tomatoes, 
garlic and clover has been established to reduce the population density and infestation of P. 
xylostella (Dover, 1986, Talekar et al., 1986).  
1.10.2  Development of the Pest Population 
In the intercropping generally a great diversity of insects including natural enemies are 
present in comparison with the sole host crop (Hooks and Johnson, 2003; Cai et al., 2010). 
Intercropping reduce the population of the main pest (Andow, 1991) by repelling and 
deterring insect from the main crop (Finch and Collier, 2000). Intercropping reduce the insect 
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pest population which resulted into increasing the yield (Issac et al., 2010). The population of 
Myzus persicae was significantly reduced in potato cultivars intercropped with Trifolium 
alexandrinum plus various yellow sticky plastic sheets (Saljoqi and Van Emden, 2003). 
1.10.3 Dispersal of the Pest 
Intercropping interrupts the chemical and visual communication between insect pests 
and their host plant and thus act as a physical barrier (Sheehan, 1986). Intercropping disperse 
and repel insects in the field however some studies have been resulted that the repellency of 
these plants in the field have capitulated variable outcomes (Latheef and Irwin, 1979; Ivey 
and Johnson, 1998). Some intercrops such as garlic and other members of the Allium family, 
liberate volatiles that decrease the pulling of the phytophagous insects (Renwick, 1999) and 
change the behaviour of the insect to find its host (Nottingham, 1987). Calvo-Gomez et al. 
(2004) stated that intercropping deter or stimulate the olfactory organs of the insects whereas 
Grez and Prado (2000) demonstrated that non host crops can also repel and attract insect 
predators and other natural enemies. 
1.10.4 Abundance of Natural Enemies 
In contrast to the mono-crop environment intercropping such as flowering plants with 
the crop plants produce a conducive and favourable environment and habitat for the natural 
enemies and other useful insects. Through this way intercropping increase the numbers of the 
fauna than the mono crops culture (Theunissen, 1994). It also enhances the reproductive 
potential of biological controlling agents (parasitoids and predators) due to maximum 
availability of nectar and pollen in the field (Risch, 1983). Hook and Johnson (2003) reported 
increased numbers of the natural enemies of the P. xylostella with the increase of floral 
diversity such as non-host planting with the main crop. Saljoqi and Van Emden (2003) 
reported that polyculture mostly prop up less numbers of the insect pest and increase densities 
of the natural enemies than monoculture. 
 
1.11  NATURAL ENEMIES (PARASITOIDS) OF P. XYLOSTELLA 
 
The P. xylostella was not considered a key pest earlier but due to the indiscriminate 
use of pesticides and the rising under cultivation area of cruciferous vegetables the population 
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density got into an outbreak phase. Development of resistance and absence of the natural 
enemies such as parasitoids especially larval parasitoids in the cauliflower fields are among 
the major reasons that have headed to the current sky scraping density of the P. xylostella 
(Lim, 1986). Liu (1998) and Wang et al. (2004) demonstrated that identification, introduction 
and protection of P. xylostella parasitoids are essential for better results to be obtained from 
biological controlling agents. Hasanshahi (2012) stated that there are more than 150 known 
parasitoids species attacking various stages of P. xylostella but the main parasitoids 
responsible for the management of this pest belongs to genera Diadegma, Cotesia and 
Oomyzus. 
The Cotesia plutellae (Kurdjumov) is a host specific, solitary and larval 
endoparasitoid of P. xylostella (Verkerk and Wright, 1996). There are proofs that C. plutellae 
also attack some other lepidopteran pests like Ocnogyma baetica and Autographa gamma 
(Lipa et al., 1993; Kaneko, 1993). Waladde et al. (2001) reported that C. plutellae remain 
active throughout the year in South Africa and responsible for about 30-50% parasitism of the 
P. xylostella.  Johnson et al. (1988) stated that C. plutellae is the dominant parasitoid species 
of P. xylostella on cabbage and other crucifer vegetables in Hawaii. Throughout the world D. 
semiclausum and O. sokolowskii have been used effectively against P. xylostella (Ooi, 1986; 
Poelking, 1990; Nakamura and Noda, 2001). Lim (1992) stated that O. sokolowskii has been 
introduced into many countries of the world for the management of P. xylostella.   
In this research, various novel and microbial-based synthetic insecticides and 
intercropping schemes have been evaluated for developing an effective integrated pest 
management program against P. xylostella in cauliflower. The effects of insecticides were 
also determined on natural enemies (parasitoids) of P. xylostella. The population densities 
were studied in three districts with different altitudes and weather conditions and was 
correlated with maximum and minimum temperature, rainfall and percent relative humidity 
for forecasting larval and pupal population of P. xylostella in different months. Similarly 
RAPD Primers Technique was used to determine genetic diversity in the three populations of 
P. xylostella collected from Swat, Peshawar and Haripur districts having diverse altitudes and 
environmental conditions. 
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1.12  IMPORTANCE OF THE STUDY 
 
 No baseline study is available for this insect pest in Khyber Pakhtunkhwa therefore 
this study will provide basic information for future researchers. Despite being the key pest of 
cauliflower and other cruciferous crops, very little attention has been paid to forecast 
population dynamics of P. xylostella in Pakistan and around the world (Zalucki and Furlong, 
2011). A sustainable and proper management of P. xylostella depends on a good 
understanding of factors affecting its population dynamics therefore this study was carried out 
to excavate rationalized knowledge of the population dynamics of this pest on cauliflower in 
various months. If this pest is not properly handled and ignored as a key pest for cauliflower 
growers in KP, it can be a real threat in the near future. In Pakistan there is no current 
knowledge about the genetic diversity among the various populations of P. xylostella, 
therefore this study is very important and novel. The first step in the study involves the 
collection of genetic information and pattern of genetic diversity at various altitude and 
different climatic condition of the Khyber Pakhtunkhwa Province. Although, P. xylostella has 
developed multiple resistance to pesticides, the farmers are still dependent mainly on 
pesticides to keep its population below the economic injury level. Use of insecticides has 
resulted in environmental hazards, threat to human health and beneficial insects and pest 
resurgence. This study evaluated some novel pesticides and intercrops to mange P. xylostella 
population in an IPM scheme. The study has also looked at the effect of control methods on 
the parasitoids  
 
1.13  AIMS AND OBJECTIVES OF THE STUDY 
 
The aim of this study was to determine the population dynamics of P. xylostella in 
various months during the development of the cauliflower, correlate that with the mean 
relative humidity, temperature and rainfall and to find out biotypes among the population of 
three areas having different altitudes. Selection of effective microbial-based synthetic 
insecticides and various intercropping systems to keep the population of P. xylostella below 
the Economic Threshold level (ETL). The best insecticide in term of efficacy and being gentle 
on the parasitoids, and the best intercropping system were then synchronized for an improved 
and effective management of P. xylostella in cauliflower crops. Specific objectives of this 
study were as under;  
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1.14  SPECIFIC OBJECTIVES 
 
1. To study the population dynamics of diamondback moth, Plutella xylostella (L.) in three 
districts (Swat, Haripur and Peshawar) of Khyber Pakhtunkhwa having diverse weather 
conditions and different altitudes. 
2. Molecular characterization of P. xylostella collected from the above-mentioned 
cauliflowers growing areas of Khyber Pakhtunkhwa.  
3. To evaluate the effect of different management techniques including novel and 
microbial-based synthetic insecticides and intercrops individually and their interactions 
against P. xylostella and its associated available natural enemies (parasitoids). 
4. To make a synchronized comparison of the best combinations of insecticide and 
intercrops from the previous experiments against P. xylostella for an effective IPM 
scheme. 
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Chapter 2 
POPULATION DYNAMICS OF PLUTELLA XYLOSTELLA 
 
2.1  INTRODUCTION 
 
Cauliflower, Brassica oleracea, is a great source of livelihood for small landholders 
and vegetable growing farmers in Pakistan. Several biotic and abiotic factors are responsible 
for the reduced production of Cauliflower around the world. Among these limiting factors the 
insect pest, Plutella xylostella, is mainly responsible (Nyambo and Pekke, 1995) which is 
considered to be the major insect pest of all members of the family Brassicaceae (Talekar and 
Shelton 1993; Sarfraz et al., 2006). All cruciferous vegetables including cauliflower, cabbage, 
broccoli, brussels sprouts, chinese cabbage, collard, kale, kohlrabi, mustard, radish, turnip are 
attacked by this insect pest. The free mustard oil present in the cruciferous crops is a key 
element of attraction for P. xylostella (Gupta and Thorsteinson, 1960).  
Plutella xylostella has been reported from at least 128 countries or territories of the 
world and it is believed to be the most universally distributed of all lepidopterous insect pests 
(Talekar and Shelton 1993). Shelton (2001) reported that this insect pest is present all over the 
world wherever the crucifers exist. In the Indo-Pakistan subcontinent, P. xylostella was first 
reported in 1914 by Fletcher (Fletcher, 1914) and it is considered as the key pest of 
cruciferous vegetable in Pakistan (Ghouri, 1960: Abro et al., 1992). 
Worldwide, P. xylostella contributed for over seventy percent (70%) destruction in 
cruciferace vegetables (You and Wei, 2007). Werkerk and Wright (1996) reported that P. 
xylostella causes 90% crop losses. Abro et al. (1994) stated that P. xylostella has become a 
serious pest in South Asia and in severe infestation this pest causes upto 100% losses in 
Pakistan. It has been reported that P. xylostella inflicts losses of more than one billion US $ 
per year around the globe (Food and Agriculture Organization, 1992; Grzywacz et al., 2010). 
In Southeast Asia, P. xylostella has 14-20 generations per year, in India and Pakistan 
7-14 generations whereas 2-7 generations in temperate and tropical regions (Talekar and 
Shelton, 1993; Vickers et al., 2004).  
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Plutella xylostella has holometabolous metamorphosis and the life cycle consisted of 
eggs, larva, pupa and adult stages. A single adult female can lay around 200 eggs in 12 days, 
mostly on the lower leaf surface. For oviposition the peak of time is the second day and after 
6 days of P. xylostella adult female emergence, about 90% of the total numbers of eggs have 
deposited (Talekar and Shelton 1993; Poelking 1990). The egg is light green, cigar shaped, 
oval in outline, minute and approximately 0.4 mm long, 0.2 mm wide. The eggs are laid 
singly or sometimes in a group of three to four on the leaves surface, margins, along the veins 
and it hatches in 5-6 days.  
The 1st instar larvae is colourless to yellow and its head capsule is dark with a 
developmental time ranging from 3-7 days. This instar usually mines the spongy mesophyll 
tissues (Talekar and Shelton, 1993; Capinera, 2000). The 2nd, 3rd, and 4th instars consume crop 
leaves, flower, buds, green outer layer of the stem and developing seeds. All larval stages of 
P. xylostella are surface feeders but 3rd and 4th instars are voracious feeder produced window- 
pane type damage on the host leaves. The third and fourth instars caused the most serious 
damage in all cruciferous crops (Talekar and Shelton, 1993). In this stage male and female 
can be sexed through visual observation; the fifth abdominal segment,in males has a lighter 
colour than the adjacent segment whereas in female all segments are of the same colour (Liu 
and Tabashnik, 1997). Stehr (1987) reported that the lighter colour of the fifth abdominal 
segment demonstrated that gonads (testes) are present in that segment. The range of 
conversion times is about 2-7, 2-8 and 2-10 days for the second through fourth instars 
respectively and pupation requires 5 to 15 days (Capinera, 2000). Successful development can 
take place at a constant temperature of 8 to 32ºC but the insect can also grow up and develop 
on temperatures as low as 8ºC or as high as 38ºC (Liu et al., 2002 
The adult of P. xylostella is commonly called the diamondback moth (DBM) because 
of the diamond shaped wing markings in the moth when at rest. The pattern is sometimes 
constricted to form one or more light coloured diamonds on the back. Plutella xylostella is 
approximately 6-10 mm in length, slender, grayish-brown moth with pronounced antennae. 
Both adult males and females can live about 12 to16 days and the usual life span is around 
two weeks. The moths are weak fliers usually flying within 2 m of the ground. Plutella 
xylostella is nocturnal in and majority of adults emerge during the first 8 hours of the 
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photophase. Mating occurs at dusk of the same day they emerge (Capinera 2000; Cordero and 
Kuhar 2004). 
The seasonality of the population may result from an ecological factor occurring at the 
same time of the year. In tropical populations and communities of insects, seasonal cycles are 
frequently attributed to variations in plant availability caused by changing rainy seasons 
(Pinheiro et al., 2002; Hopkins and Memmott, 2003). A peak population of P. xylostella has 
been found from July to September in comparison with others seasons (Jayarathnam, 1977; 
Nagarkatti and Jayanth, 1982). 
Life table and populations studies show that besides host plants, rainfall, temperature, 
humidity and natural enemies greatly influence the survival and reproduction of P. xylostella 
(Wakisaka et al., 1992; Haseeb et al., 2001). Heavy rain is one of the important factors 
affecting P. xylostella abundance (Leu and Lee 1984; Talekar and Lee 1985). 
Agro-ecological perception, which amalgamated agriculture into the natural 
ecosystem, has been found useful for population management of P. xylostella (Vandermeer 
1995). Population management of pests integrates cultivated plants, endemic flora, natural 
enemies and climatic factors (Regnault-Roger 2005). The biology of the P. xylostella is 
greatly influenced by temperature and humidity (Guo and Qin 2010). According to Ansari et 
al. (2010) that development of P. xylostella depends on the host plants and temperature. 
Developmental process and its relation to temperature plays an essential role in the 
management of the insect pest particularly in determining the developmental timing of the 
pest and natural enemies in field environments (Roy et al., 2002). 
World-wide little attention has been paid to forecast the population dynamics of P. 
xylostella (Zalucki and Furlong, 2011).  Many factors influence the population fluctuation of 
this insect pest and therefore, to interpret population dynamics and predict a forecasting is 
indeed not easy (Schellhorn et al., 2008; Muthuthantri, 2010). To develop a proper planning 
for the management of pest, prediction of the population abundance, proper timing of 
occurrence and level (pest pressure) is highly important (Maelzer et al., 1996).  
Insecticides budget, hiring additional crop scouts and making strategic decisions are 
possible only if we have timely forecast of P. xylostella population in a particular area. A 
sustainable and proper management depends on a good understanding of factors affecting P. 
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xylostella population dynamics. Keeping these in mind, this research was carried out during 
the years 2012 and 2013 to find out the population dynamics of P. xylostella on cauliflower 
and correlate it with temperatures, relative humidity and rainfall in three districts (Swat, 
Peshawar and Haripur) of Khyber Pakhtunkhwa for developing an effective and successful 
management programme against this insect.  
The specific objective of this research was to study the population dynamics of 
diamondback moth, Plutella xylostella in three districts (Swat, Haripur and Peshawar) having 
different altitudes of Khyber Pakhtunkhwa. 
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2.2 REVIEW OF LITERATURE 
 
Talekar et al. (1986) reported that larvae of Plutella xylostella are surface feeder and 
are exposed to different biotic and abiotic factors of the environment. Various studies have 
demonstrated that rainfall is an essential mortality factor of P. xylostella and therefore, in 
rainy season, it is not considered a serious pest. The susceptibility of P. xylostella to rainfall 
was exploited in its control. Providing irrigation by intermittent sprinkling of water over a 
cauliflower and cabbage crops at dusk considerably reduced P. xylostella infestation in these 
crops. 
Talekar and Ying Lin (1998) stated that P. xylostella spend its entire life on plant 
surface that make it vulnerable to adverse environmental forces such as rainfall and wind as 
well as other biotic factors including predators, parasites and even insect pathogens. All these 
factors adversely affect the survival of P. xylostella. During rainy season, P. xylostella does 
not pose serious threat partly because of the drowning and or physical elimination of the 
larvae and pupae from the plant exterior. The humid weather during the rainy season also 
supports proliferation of insect pathogens causing mortality of the larvae in particular.  
Roy et al. (2002) demonstrated that the development of insects and mites are highly 
affected by temperature. Development of the coccinellid Stethorus punctillum Weise and the 
spider mite Tetranychus mcdanieli was studied at twelve (12) constant temperatures ranging 
10-380C (0.50C) and modeled their growth rates as a function of temperature. This predator 
prey complex was typical of red raspberry, Rubus idaeus in Quebec, which is distinguished by 
a short season. Eleven published models were correlated for accuracy to predict a 
developmental rate model of both species including all stages of their development and 
measuring their temperature thresholds and optima. At a range of 14-360C, the spider mite 
developed to the adult stage compared with 14-340C for the coccinellid. Males and females 
were same and no difference were found whereas the development rates gradually increased 
from 14 to 300C, leveling off in the range 34-360C for the spider mite, or 30-320C for its 
predator. Maximum models were rejected due to reason of its failure to satisfy criteria of 
goodness-of-fit and estimable temperature threshold parameters. The Lactin-2 model for T. 
mcdanieli and the Briere-1 model for S. punctillum were better at measuring less temperature 
threshold, which is critical where temperatures are normally low in the spring and were 
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individually fitted to all development stages of both organisms. There was a potential 
synchrony observed between S. punctillumand and T. mcdanieli on the basis of this 
predictable early spring development. 
Mohamed et al. (2004) studied the larval and pupal populations of P. xylostella and its 
parasitism by Diadegma insulare (Cresson) (Hymenoptera: Ichneumonidae) in the collard 
fields in South Carolina and was reported that the density of P. xylostella larvae usually 
increased from below the economic threshold level (ETL) early in collard crop development 
to above the economic threshold level (ETL) as crop growth progressed. The host density of 
P. xylostella larvae and pupae per plant ranged from 0 to 9.28. Diadegma insulare was the 
principal parasitoid of P. xylostella and parasitism ranged from 0 to 58.5%. Plutella xylostella 
was also parasitized by Oomyzus sokolowskii Kurdjumov. Parasitism by O. sokolowskii 
started later in the season than parasitism by D. insulare, normally when the P. xylostella 
population was at/above the economic threshold level (ETL). Parasitism by O. sokolowskii 
ranged from 0 to 7.3%. Parasitism by D. insulare and O. sokolowskii was inadequate to 
maintain P. xylostella populations below the economic threshold level (ETL) in commercial 
collard fields at South Carolina. 
Hemchandra and Singh (2007) studied the population dynamics of P. xylostella in 
crucifers and demonstrated that that higher temperature, lower relative humidity, lower total 
rain-fall, longer duration of sunshine hours and higher wind speed appear to favour P. 
xylostella population peaks in crucifers crops. 
Mau et al. (2007) and Wai et al. (2008) conducted studies on the impact of humidity 
on the life cycle of P. xylostella and reported that humidity perform a significant role in the 
life cycle duration of this insect pest. They further demonstrated that under hot and warmer 
temperature, the total developmental period of P. xylostella tends to be shorter as compared to 
cold or low temperature. 
Gu (2009) studied the overwintering and cold tolerance of P. xylostella in southeastern 
Australia and stated that this insect pest has the capability to overwinter in southeastern 
Australia as well as in other temperate regions of the world. Laboratory experiments indicated 
that after 60 days in a temperature ranging between 0 and 5°C, 32% of third and fourth instar 
larvae pupated, 38% remained as larvae and 57% of pupae stay alive while only 15–20% of 
28 
 
adult moths were yet alive. The second, third and fourth instars larvae and pupae survived at -
5°C for up to 2, 4, 6, and 13 days respectively, with some adults surviving more than 20 days. 
Moreover, adults that were remained alive after 60 days of introduction to 0–5°C and 20 days 
at 5°C reproduced usually lacking supplemental food. An experiment simulating outside 
overwintering with caged populations and field survey for normal and natural overwintering 
populations of the P. xylostella on volunteer canola (Brassica napus L.) and wild turnip 
(Rapistrum rugosum L.) plants predicted that growth and reproduction sustained on these host 
plants through the winter months. These empirical results give a proof that P. xylostella have 
the potential and ability to survive in overwintering on suitable host plants in southeastern 
Australia and the overwintering populations may share significantly to local population 
density in spring and summer seasons.  
Ahmad and Ansari (2010) studied seasonal abundance of P. xylostella from 2004-
2006 on cauliflower in Aligarh districts of India. The data showed that early infestation by P. 
xylostella incurred when the farmers commenced transplantation of cauliflower seedlings in 
the field. The population density of P. xylostella ranged between 0.90 to 2.38 and 0.27 to 5.84 
larvae and pupae per plant in 1st week of July, 2004 and 2005, respectively whereas at that 
time the parasitism rate was quite low. Maximum and minimum temperature and humidity 
were recorded as 24.15°C to 32.91°C and 68.60 to 91.30% respectively. Population build up 
is usually monitored in 2nd and 4th week of September. Cotesia plutellae was found to be a 
dominant larval parasitoid whereas Oomyzus sokolowskii parasitized comparatively few pupae 
of P. xylostella. 34.77°C significantly (p < 0.01) improved the population of P. xylostella also 
on 8th September, 8th October, 2004 and 26th January, 2005. In both years (2004–2005 and 
2005–2006) of the data collection, rainfall negatively affected the population of P. xylostella. 
Guo and Qin (2010) studied the effects of temperature and humidity on the emergence 
patterns of P. xylostella at four temperatures (20°C, 25°C, 28°C and 33°C), three relative 
humidities (50%, 70%, and 90%) and a photoperiod of 14:10 (L:D). Incubation at 33°C and 
90% RH had a substantial effect on the population emergence percentage but no significant 
correlation was monitored and recorded between temperature and humidity. Emergence 
duration was 25.3 hours for male and female at 90% RH, with emergence duration at 33°C 
lower as compared to other treatments.  
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Venkateswarlu et al. (2011) demonstrated that maximum and minimum temperature 
among the different abiotic factors of the environment had significant positive correlation 
while morning and evening relative humidity (RH) exhibited a significant negative correlation 
with the population of P. xylostella.  
Patra et al. (2013) studied the interaction of the population growth of P. xylostella 
with temperatures, relative humidity and rainfall (maximum, minimum and average) in 2011-
12 and 2012-13. He reported that weather had positive influence on the population of P. 
xylostella. A significantly positive correlation was recorded in case of maximum (r =0.790 
and r =0.754) and average temperature (r =0.688 and r =0.721). During 2012-13 crop season, 
only the minimum temperature (r=0.631) had significantly positive influence on P. xylostella. 
During the both seasons maximum, minimum and average relative humidity (r = -0.728 and r 
= -0.734; r = -0.792 and r= -0.690 and r = -0.822 and r = -0.720) had significantly negative 
role on population of P. xylostella respectively. Rainfall (r = -0.309 and r= -0.345) did not 
have a significant influence on population growth of P. xylostella in both years. 
Patra et al. (2013) studied the population dynamics of major insect pests and their 
associated natural enemies on cabbage crop during Rabi seasons in the years 2011-12 and 
2012-13 at India. Data were recorded on weekly basis from randomly selected five plants per 
plot of cabbage. Maximum population of the P. xylostella was recorded on 1st March and 23rd 
February of about 13.60 and 14.33 larvae per plant during 2011-12 and 2012-13 respectively. 
Maximum and minimum temperature had a significant effect to increase the population of P. 
xylostella. 
Sow et al. (2013) studied the impact of rainfall, temperature, host plant and natural 
enemies on the population dynamics of P. xylostella for two consecutive years during June 
2009 to April 2011. The experiment was carried out both in rainy and dry seasons on 
unsprayed cabbage field plots in Malika (Senegal). Data were recorded at a ten days interval 
and for data collection 10 cabbage plants were randomly selected and the numbers of P. 
xylostella larvae, pupae and parasitoid cocoons were counted on each plant. Prior to each 
sampling, the diameters and ages of plants were noticed and the temperature and rainfall were 
also recorded. Larvae and pupae of P. xylostella recorded per cabbage plant were higher in the 
dry season in comparison with the rainy season. A negative correlation was recorded between 
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temperature and the population of P. xylostella and a strong correlation between the 
population of P. xylostella and the age of cabbages. Females oviposited on young cabbage 
where the presence of fresh emerged larvae was vital, whereas older immature stages were 
largely found in older cabbage plants. Comparing the dry and rainy seasons, the parasitoid 
populations were higher for the dry season than the rainy season whereas the high temperature 
did not enhance the pest population and parasitism rate. Due to rainfall, no effect was found 
on pest, plants and natural enemies. A positive correlation between pest population and 
parasitism was recorded. O. sokolowskii, Apanteles litae, C. plutellae and Brachymeria citrae, 
were found to parasitize the population of P. xylostella but were not significant to control it 
properly.  
Vanlaldiki et al. (2013) studied the seasonal incidence of P. xylostella population vis-
à-vis peak period of incidence during the rabi seasons of 2009-10 and 2010-11. He reported 
that the larvae of P. xylostella was appeared at the end of January (0.20 and 0.15/plant) which 
then noticed to gradually increased and by the end of March reached to its peak population 
(12.05 and 11.20/plant). The larval populations turn down (2.20 and 0.60/ plant) by the 
second week of April in both the years. The interaction studies demonstrated a significant 
positive correlation between larval population of P. xylostella and maximum and minimum 
temperature with an exception to the second year maximum temperature, which exhibited a 
non-significant correlation. During 2009-10, the RH, total rainfall and bright sunshine hours 
had negative interaction whereas in the second year (2010-2011), R.H and rainfall exhibited 
positive relation with the larval population of P. xylostella. There was a clear variation of P. 
xylostella incidence in different planting dates. The result showed that early planted crop (15th 
Nov.) harbored minimum number of the P. xylostella (0.06/plant) with highest yield 
(20.80t/ha) whereas late planting (14th Jan.) resulted in maximum population (3.37 /plant) 
with the lowest yield of 6.15t/ha. 
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2.3 MATERIALS AND METHODS 
 
To study the population dynamics of Plutella xylostella in cauliflower, the 
experimental procedures of Mohamed et al. (2004) and Kfir (1997) with some modification 
was used. The population dynamics of P. xylostella was recorded in Swat, Peshawar and 
Haripur districts of Khyber Pakhtunkhwa in the cropping seasons from June to November 
during the years 2012 and 2013. These selected districts have different altitudes and climatic 
conditions. Altitudes of Peshawar, Haripur and Swat districts are 1178 ft, 1706 ft and 3182 ft 
respectively. The population was correlated with the weather parameters including maximum 
and minimum temperature, percent relative humidity and total rainfall. 
Standard agronomic practices (weeding, irrigation, fertilization and sanitation etc.) 
except plant protection measures were followed as per recommended package of practices in 
the cauliflowers fields. Experiments were laid down in randomized complete block design 
(RCBD). Each experimental unit size was 3.5m (width) × 3.5m (length) with four replications 
selected within the experimental field. About 23 days old cauliflower seedlings (Shumaila 
variety) were transplanted in the experimental field. Each experimental unit cconsisted of 
forty (40) cauliflower plants with five (5) rows and every row had eight (8) plants. Distance 
between plants was about 43 cm and distance between rows was 66 cm.  
For data collection, five plants were randomly selected from each replication and were 
thoroughly inspected fortnightly. The numbers of P. xylostella larvae and pupae per plant 
were counted but not removed. Population of P. xylostella was determined as the mean 
numbers of larvae and pupae per cauliflower plant. Population recorded was correlated with 
the maximum and minimum temperature, relative humidity and total rainfall. Data about 
weather parameters were taken from Meteorological departments of the concerned districts. 
Statistical Analysis: 
The data was analysed through correlation (Pearson) analysis and linear multiple 
regression by using Statistical Software Statistix 8.1 (Bowden and Morris, 1995).  
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2.4 RESULTS 
 
2.4.1 Population dynamics of P. xylostella in Haripur during the year 2012 and 2013 
 
The populations of P. xylostella start to build up after transplanting the cauliflower 
seedlings in the experimental field. In mid July 2.1±1.55 and 2.0±1.78 larvae and pupae per 
plant were recorded in 2012 and 2013 respectively. The highest numbers of larvae and pupae 
(8.25±2.90 and 8.4±1.08) per plant were recorded in the end of September (28th September) 
in both years. In the end of October, the larval and pupal populations declined. The lowest 
population of P. xylostella was recorded in the mid of July as 2.1±1.55 and 2±1.78 larvae and 
pupae per plant in the year 2012 and 2013 respectively (Table 2.1). 
The highest larval and pupal populations of P. xylostella on cauliflower were recorded 
in the months of August, September and October. Maximum numbers of larvae and pupae per 
plant were recorded as 6.65±2.17, 7.7±2.78, 8.25±2.90 and 5.3±3.80 on 29th August, 13th 
September, 28th September and 13th October respectively during the year 2012. Likewise 
during the year 2013, the larval and pupal population dynamics of P. xylostella recorded as 
6.5±.87, 6.55±2.25, 8.4±1.08 and 5.05±2.78 per plant on 29th August, 13th September, 28th 
September and 13th October respectively.  
 
Table 2.1. Population dynamics of P. xylostella on cauliflower at district Haripur 
 
 
Date 
2012 2013 
Numbers of  
P. xylostella  
(Mean ±SE) 
Temperature RH (%) 
(0300Z) 
RF 
(mm) 
Numbers of 
P. xylostella 
(Mean ±SE) 
Temperature RH (%) 
(0300Z) 
RF 
(mm) Max
(0C) 
Min. 
(0C) 
Max. 
(0C) 
Min. 
(0C) 
1-15 Jul 2.1±1.55 33.5 19.9 68 1320 2±1.78 31.3 19 72 1145 
16-30 Jul 2.85±1.11 33.1 19.7 70 1060 2.15±1.03 30.3 19.5 92 987 
31 Jul -14 Aug 4.85±2.25 31.6 19 80 870 4.95±2.43 29.5 19 95 754 
15-29 Aug 6.65±2.17 27.2 18 87 449 6.5±.87 27.7 18.8 85 653 
30 Aug-13 Sep 7.7±2.78 27.6 17.1 90 399 6.55±2.25 27.1 16.7 81 289 
14 - 28 Sep 8.25±2.90 27.2 16.5 82 324 8.4±1.08 26.5 16.1 79 329 
29 Sept-13 Oct 5.3±3.80 26 8 80 549 5.05±2.78 25.8 9.5 80 465 
14 - 28 Oct 4.65±2.17 23 7.2 73 862 4.85±3.28 23.2 7.9 72 567 
29 Oct-12 Nov 3.5±1.55 22.2 4 73 987 3.1±2.40 21.5 5 69 578 
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2.4.2 Correlation Matrix of P. xylostella population in Haripur with weather 
parameters in 2012 and 2013 
 
Correlation matrix of P. xylostella population with the weather parameters 
demonstrated that mean maximum and minimum temperatures have statistically non-
significant (P˃0.05) association with the population during the year 2012 but this correlation 
((r = -0.32) was negative with maximum temperature and positive (0.07) with minimum 
temperature. Similarly percent relative humidity exhibited a highly significant (P<0.01) 
relationship (r = 0.89) whereas total rainfall showed negative and highly significant (P<0.01) 
correlation (r = -0.96) with the larval and pupal populations of P. xylostella in 2012. Likewise 
during the year 2013, the population of P. xylostella was also significantly influenced by the 
weather parameters. Mean Maximum temperature showed non-significant (P˃0.05) negative 
relationship (r = -0.21) whereas the mean minimum temperature had a positive non-
significant (P˃0.05) correlation (r = 0.06) with the population. There was a non-significant 
positive association (r = 0.11) of the population with the mean percent relative humidity. 
Rainfall exhibited a highly significant (P<0.01) negative association (r = -0.81) with the 
population of P. xylostella in 2013 (Table 2.2). 
   
Table 2.2.  Correlation of P. xylostella population with weather parameters in Haripur 
during 2012 and 013 
 
Weather Parameters 2012 2013 
Max. Temperature (0C) -0.32 NS   -0.21NS 
Min. Temperature (0C) 0.07 NS 0.06 NS 
Relative Humidity (%)     0.89** 0.11NS 
Rainfall (mm)  -0.96**   -0.81** 
 
NS: Non-significant 
*Significant at 0.05 level of probability 
**Highly Significant at 0.01 level of probability  
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2.4.3 Multiple Regression equation for P. xylostella in Haripur during 2012 and 2013 
 
Multiple Regression equations (Table-2.3) for the year 2012 and 2013 demonstrated 
that the population of P. xylostella is significantly affected by the maximum and minimum 
temperatures, percent relative humidity and total rainfall (Appendix-1 and Appendix-2)  
Regression equations of P. xylostella shows that 96.36% (R2) of the variation in the 
population is influenced by weather parameters during the year 2012 while in the year 2013, 
the deviation in the population due to weather parameters is 87.56% (R2). The total variation 
in the larval and pupal population of P. xylostella due to weather parameters in both years was 
87-96% (R2) (Table 2.3).   
 
Table 2.3. Multiple Regression equation for P. xylostella in Haripur in 2012 and 2013 
 
 
Where 
 
Y1 and Y2=  Population of P. xylostella  
X1 =  Temperature Maximum 
X2 =  Temperature Minimum 
X3 =  Percent Relative Humidity 
X4 =  Total Rainfall 
 
2.4.4  Population dynamics of P. xylostella in Peshawar during the year 2012 and 2013 
 
Table 2.4 showed that a gradual increase in the population of P. xylostella was 
recorded soon after transplanting the cauliflower seedlings in the mid of July in both years. 
The highest numbers of larvae and pupae per plant were observed at the end September as 
4.75±2.14 and 6.7±1.71 in both years. The lowest population of P. xylostella was recorded in 
the mid of July as 0.2±0.41 and 0.4±0.71 larvae and pupae per plant during the years 2012 
and 2013 respectively. These results showed that the insect had great synchronization with the 
crop growth. 
Year Multiple Regression equation R2 Value 
2012 Y1= 12.95-0.22X1+0.16X2-0.002X3-0.005X4 96.36% 
2013 Y2= 13.82-0.28X1+0.34X2-0.02X3-0.006X4 87.56% 
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Table 2.4. Population dynamics of P. xylostella on cauliflower at Peshawar in 2012 
and 2013 
 
Date 
2012 2013 
Number of 
P. xylostella 
(Mean ±SE) 
Temperature RH (%) 
(0300Z) 
RF 
(mm) 
Number of 
P. xylostella 
(Mean ±SE) 
Temperature RH (%) 
(0300Z) 
RF 
(mm) Max 
(0C) 
Min 
(0C) 
Max 
(0C) 
Min 
(0C) 
1-15 Jul 0.2±0.41 39.99 26.7 67 1100 0.4±0.71 38 26.5 70 1122 
16-30 Jul 0.9±0.65 38.15 26.5 60 980 1.75±0.63 36.2 25.7 84 1002 
31 Jul -14 Aug 2.15±0.85 37.5 26 59 870 2.75±1.11 35.9 25.6 84 943 
15-29 Aug 3.75±1.89 35.9 25.8 81 459 4.45±1.80 34.5 25.4 86 704 
30 Aug-13 Sep 4.4±1.58 33.8 23.6 86 410 5.5±1.26 32.2 23.2 83 234 
14 - 28 Sep 4.75±2.14 31.2 20.8 84 331 6.7±1.71 31 20.5 84 200 
29 Sept-13 Oct 3.05±1.55 30 17.6 82 540 4.1±1.50 30 17.4 85 375 
14 - 28 Oct 2±1.08 29.4 13.6 81 760 2.2±1.68 28.3 13.2 80 95 
29 Oct-12 Nov 1.2±1.47 27.6 11.2 62 1010 1.55±0.95 25.5 10.8 70 110 
 
 
2.4.5 Correlation Matrix of P. xylostella Population in Peshawar with weather 
parameters in 2012 and 013 
 
Table 2.5 of the correlation matrix of P. xylostella population with mean maximum 
temperature in District Peshawar showed that there was a non-significant (P˃0.05) and negative 
correlation (r = -0.31 and -0.18) during the year 2012 and 2013 respectively. The correlation (r = 
0.02 and 0.06) with minimum temperature was statistically non-significant (P˃0.05) but positive 
in both years. The percent RH exhibited a positive relationship (r = 0.79 and = 0.67) in 2012 and 
2013 respectively. This relationship was highly significant (P<0.01) in 2012 and significant 
(P<0.05) during 2013. Similarly there was a negative and highly significant (P<0.01) interaction 
(r = -0.98) between the population of P. xylostella with the RF during the year 2012 whereas in 
the year 2013 this correlation (r = -0.46) was negative and statistically non-significant. 
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Table 2.5. Correlation Matrix of P. xylostella in Peshawar during the year 2012 and 
2013 
 
Weather Parameters 2012 2013 
 
Max. Temperature (0C) -0.31NS -0.18NS 
Min. Temperature (0C) 0.02 NS 0.06 NS 
Relative Humidity (%)  0.79** 0.67* 
Rainfall (mm) -0.98** -0.46 NS 
 
NS: Non-significant 
*Significant at 0.05 level of probability 
 **Highly Significant at 0.01 level of probability  
 
2.4.6 Multiple Regression equation for P. xylostella in Peshawar during 2012 and 2013 
 
A significant variation in the population of P. xylostella has been recorded due to 
weather parameters in district Peshawar during the year 2012 and 2013 (Appendix-3 and 
Appendix-4). Multiple regression of the P. xylostella population showed that during the year 
2012, there was 98.06% (R2) interaction between the population of P. xylostella and the 
weather parameters. Likewise during the year 2013 the relationship of P. xylostella population 
was (R2) 90.96% with maximum and minimum temperature, relative humidity (%) and total 
rainfall. There was a variation of 90-98% (R2) recorded between the weather parameters and 
the population of P. xylostella during the years 2012 and 2013 (Table 2.6). 
 
Table 2.6. Multiple Regression equation for P. xylostella in Peshawar in 2012 and 2013 
 
Year Multiple Regression equation R2 Value 
2012 Y1= 8.84+0.22X1-0.17X2-0.05X3-0.008X4 98.06 % 
2013 Y2= I.80-0.49X1+0.58X2+0.09X3-0.004X4 90.96% 
 
Y1 and Y2=  Population of P. xylostella  
X1 =  Temperature Maximum 
X2 =  Temperature Minimum 
X3 =  Percent Relative Humidity 
X4 =  Total Rainfall 
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2.4.7 Population dynamics of P. xylostella in Swat during the year 2012 and 2013 
 
Population dynamics of P. xylostella recorded during the years 2012 and 2013 in 
district Swat showed that the larval and pupal populations have been started to build up from 
July 15 and reached to its maximum at the end of September. The first incidence of P. 
xylostella infestation was noticed in mid July in both years and was recorded as 0.75±0.63 and 
0.85±1.03 larvae and pupae per plant during the year 2012 and 2013 respectively. The 
population gradually increased with the growth of the crop. The highest populations (5.7±1.04 
and 5.35±2.32) were recorded at the end of September during 2012 and 2013 respectively. 
From mid October onward the population of P. xylostella start decreasing and in 2012 mean 
numbers of larvae and pupae recorded on 13 and 28 October were 3.8±1.22 and 2.65±1.31 
respectively. Similarly in 2013, populations recorded on these dates were 4.3±1.66 and 
2.65±1.31 representing similar trend compared to the year 2012. Lowest numbers of P. 
xylostella population was recorded in mid July (0.75±0.63 and 0.85±1.03 larvae and pupae 
per plant) in the year 2012 and 2013 respectively (Table 2.7). 
 
Table 2.7. Population dynamics of P. xylostella in District Swat during the year 2012 
and 2013 
 
Date 
2012 2013 
Number of 
P. xylostella 
(Mean ±SE) 
Temperature RH(%) 
(0300Z) 
RF 
(mm) 
Number of 
P. xylostella 
(Mean ±SE) 
Temperature RH(%) 
(0300Z) 
RF 
(mm) Max (0C) 
Min 
(0C) 
Max 
(0C) 
Min 
(0C) 
1-15 Jul 0.75±0.63 36.3 23 79 1102 0.85±1.03 34.2 22.5 71 912 
16-30 Jul 1.5±0.65 36.5 21.2 75 988 1.75±1.70 33 24.1 89 700 
31 Jul -14 Aug 2.55±2.69 34 20.2 62 875 2.4±1.08 32.9 23 97 500 
15-29 Aug 3.75±1.44 32 20 81 399 3.9±3.88 30.1 20.2 81 342 
30 Aug-13 Sep 5.25±2.21 31 19 82 289 4.55±3.35 29.5 18.5 79 243 
14 - 28 Sep 5.7±1.04 28.6 16.8 80 300 5.35±2.32 27 17 75 100 
29 Sept-13 Oct 3.8±1.22 27 14 79 455 4.3±1.66 25.5 15 71 111 
14 - 28 Oct 2.65±1.31 26.2 9.4 75 671 2.65±1.31 25.2 10 69 265 
29 Oct-12 Nov 2.15±1.93 24 8 78 701 2.2±2.86 23.2 7.5 68 312 
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2.4.8 Correlation Matrix of P. xylostella Population with weather parameters in Swat 
during the year 2012 and 013. 
 
The correlation of P. xylostella population with weather parameters showed that the 
maximum and minimum temperatures had a non-significant ((P˃0.05) interaction (r = -0.37 
and -0.09) respectively on the population during the year 2012. Likewise in 2013 the 
population had a negative and non-significant relationship (r = -0.42 and -0.17) with the 
maximum and minimum temperatures respectively. There was a non-significant (P˃0.05) and 
positive correlation (r = 0.36) recorded between the population dynamics of P. xylostella and 
percent RH during the year 2012 but the relationship (r = -0.09) was negative in 2013 and was 
non-significant (P˃0.05). Total rainfall during the years 2012 and 2013 had great influence on 
the population dynamics of P. xylostella in Swat. It was recorded that the RF exhibited a 
highly significant (P<0.01) and negative interaction (r =-0.94 and -0.86) with the population 
of P. xylostella in 2012 and 2013 respectively (Table 2.8). 
 
Table 2.8.  Correlation Matrix of P. xylostella Population in Swat during 2012 and 013 
Weather Parameters 2012 2013 
Max. Temperature (0C) -0.37NS -0.42NS 
Min. Temperature (0C) -0.09 NS -0.17 NS 
Relative Humidity (%)  0.36 NS -0.09 NS 
Rainfall (mm) -0.94** -0.86** 
 
NS: Non-significant 
*Significant 0.05 level of probability 
 **Highly Significant at 0.01 level of probability  
 
2.4.9 Multiple Regression equation for P. xylostella in Swat during the years 2012 and 
2013 
 
Multiple regression equations of the population dynamics of P. xylostella with 
maximum and minimum temperatures, percent relative humidity and rainfall during the year 
2012 and 2013 showed that the weather parameters in both year has significantly influenced 
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the populations (Appendix-5 and Appendix-6). During 2012 there was 94.49% (R2) 
interaction between the population of P. xylostella and maximum and minimum temperatures, 
relative humidity and total rainfall. Similarly in 2013 a fluctuation of about 97.43% (R2) was 
recorded in the populations due to weather parameters. A variation of 94-97% (R2) in the P. 
xylostella populations due to maximum and minimum temperatures, relative humidity and 
total rainfall has been recorded during 2012 and 2013 (Table 2.9). 
 
Table 2.9. Multiple Regression equation for P. xylostella in Swat in 2012 and 2013 
 
Year Multiple Regression equation R2 Value 
2012 Y1= 10.278-0.046X1+0.088X2-0.046X3-0.005X4 94.49 % 
2013 Y2= 3.681+0.128X1+0.146X2-0.050X3-0.007X4 97.43% 
 
Where 
 
Y1 and Y2=  Population of P. xylostella  
X1 =  Temperature Maximum 
X2 =  Temperature Minimum 
X3 =  Percent Relative Humidity 
X4 =  Total Rainfall 
 
2.4.10 Population correlation matrix of P. xylostella with weather parameters in all the 
three selected districts 
 
Correlation of the population of P. xylostella in Peshawar, Haripur and Swat Districts 
of Khyber Pakhtunkhwa during the Years 2012 and 2013 from June to November (Cropping 
Season) with weather parameters shown in Table 2.10. The maximum and minimum 
temperatures have a non-significant (P˃0.05) interaction with the population of P. xylostella. 
The population correlations (r = -0.31, -0.37 and -0.32) in 2012 and (r = -0.18, -0.42, -0.21) in 
2013 at Peshawar, Haripur and Swat respectively with maximum temperature were negative 
and non-significant (P˃0.05). 
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With minimum temperature the population correlations (r = 0.02, 0.06, 0.07 and 0.06) 
during the year 2012 and 2013 in Peshawar and Swat respectively were positively non-
significant whereas in Haripur the relationship (r = -0.09 and r = -0.17) in both years were 
negatively non-significant. 
The effect on relative humidity on P. xylostella population showed variable effects 
from non-significant to highly significant. Table 2.10 showed that the RH has a positive and 
highly significant (P<0.01) interaction (r = 0.79 and 0.89) in Peshawar and Swat districts 
respectively with the population of P. xylostella during the year 2012. During the year 2012 
and 2013 the population has a non-significant (P˃0.05) interaction (r = 0.36 and -0.09) with 
RH in Haripur whereas in Swat this association (r = 0.11) was statistically non-significant in 
2013. 
Rainfall has highly significant interaction with the population at all locations. During 
the Year 2012 the relation (r = -0.98, -0.94 and -0.96) in Peshawar, Haripur and Swat 
respectively were positively highly significant (P<0.01). Likewise in 2013, the rainfall has 
negatively highly significant (p< 0.01) interaction (r = -0.89 and -0.81) in Haripur and Swat 
with the P. xylostella population but this correlation (r = -0.46) was not significant in 
Peshawar during 2013 (Table 2.10). 
 
Table 2.10. Population correlation matrix of P. xylostella with weather parameters in 
Peshawar, Haripur and Swat during 2012 and 2013. 
 
Weather Parameters Correlation 
coefficient for P. 
xylostella  population 
at Haripur 
Correlation 
coefficient for P. 
xylostella  population 
at Peshawar 
Correlation 
coefficient for P. 
xylostella  
population at Swat  
Year 2012 Year 2013 Year 2012 Year 2013 Year 2012 Year 2013 
Max. Temperature (0C) -0.32 NS -0.21NS -0.31NS -0.18NS -0.37NS -0.42NS 
Min. Temperature (0C) 0.07 NS 0.06 NS 0.02 NS 0.06 NS -0.09 NS -0.17 NS 
Relative Humidity (%)  0.89** 0.11NS 0.79** 0.67 * 0.36 NS -0.09 NS 
Rainfall (mm) -0.96** -0.81** -0.98** -0.46 NS -0.94** -0.86** 
 
* = Significant at 5% level of probability 
** = Significant at 1% level of probability 
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2.5 DISCUSSION 
 
2.5.1 Population dynamics of P. xylostella on cauliflower in Haripur, Peshawar and 
Swat districts and its correlation with the weather parameters 
 
To study the population dynamics of P. xylostella on cauliflower and to correlate the 
fluctuation in population due to weather parameters, research was conducted in Haripur, 
Peshawar and Swat districts of Khyber Pakhtunkhwa from June to November during the years 
2012 and 2013. Population dynamics of P. xylostella plethora have been studied across the 
globe in various regions (Liu et al., 2002). Roy et al. (2002) reported that temperature 
correlation with the population dynamics plays an important role in pest management in terms 
of predicting timing of development, dormancy, reproduction and migration. 
The mean population of P. xylostella showed a significant variation in different 
months from July to November in both years. Plutella xylostella appeared in the first week 
after transplanting the 23 days old cauliflower seedling. This finding was in conformity with 
the research of Hasanshahi (2013) that P. xylostella population appears at the beginning of the 
cauliflower season and shortly after transplantation of the seedling in the field. Patra et al. 
(2013) reported that P. xylostella attack the crop about one month after seedling 
transplantation in the field. Mohamed et al. (2004) stated that there is a gradual increase in the 
population density of P. xylostella after transplantation and the number of larvae increased 
from below the economic threshold at the early crop stage to above the economic threshold 
with the development of the crop.  
The infestation of P. xylostella gradually started building up after transplanting the 
cauliflower. The highest population was recorded in the month of September whereas the 
lowest population was monitored in July and November during 2012 and 2013. Shukla and 
Kumar (2004) demonstrated that P. xylostella appeared in the beginning of September and 
population then gradually started increasing and at the end of November reached to its peak 
level and then started decline. Maximum damage to the crop by P. xylostella has been caused 
from July to September (Mukerji, 2004). The population trend showed that the population 
increased in synchronization with the crop growth. These results are in conformity with the 
studies of Hasanshahi et al. (2012) and Golizadeh (2008) that the highest population (Larvae) 
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density of P. xylostella on the cauliflower plants appeared in the late season of the crop. Our 
result indicates that P. xylostella was available in the field from July to November (cropping 
season) with a mean temperature range of 370C (max.) in July to 70C (mini.) in November, 
demonstrating that it can survive a wide range of temperatures. These finding are confirmed 
by Chen (2000) and Liu et al. (2000) who stated that P. xylostella remain active throughout 
the year in China at daily minimum temperature in January below 20C to daily maximum 
temperature in July rises above 350C. CAB International (2000) also reported that P. 
xylostella is distributed in wide range of temperatures from the tropics to cool regions in the 
whole world. In Australia, the studies conducted showed that P. xylostella can tolerate 
subzero temperatures, make this insect enable to survive in over winter in Brassica crops (Gu, 
2009). 
The highest number of P. xylostella larvae and pupae per plant were recorded in the 
month of September in both years. Our results are in conformity with studies of Hasanshahi et 
al. (2012) who reported that on 10th of September, the highest quantity of 1st and 3rd instars 
larvae were documented on cauliflower whereas the lowest number were observed in the 
beginning of the cauliflower cropping season. He also reported the highest density of larvae 
(6.68 ± 3.36) and pupae (4.92 ± 2.25) per plant on a cauliflower variety in Tehran, Iran.  In 
China the maximum population of P. xylostella was reported as 25 larvae and 10 pupae (Shu-
sheng et al., 2000). Ahmad and Ansari (2010) reported that the population of the P. xylostella 
showed flare up in the month of August and September and then gradually declined.  
The highest population of P. xylostella was recorded on 18th September and then 
began to decrease. These results are in agreement with the finding of Ahmad and Ansari 
(2010). Results are similar with the study of Venkateswarlu et al. (2011) and Nagarkatti and 
Jayanth (1982) who reported that peak incidence of P. xylostella was observed during 1st 
week of September. Patra et al. (2013) reported that peak population of P. xylostella was 
recorded on 1st March and 23rd February with 13.60 and 14.33 larvae/plant during 2011-12 
and 2012-13 respectively. Kfir (1997) reported highest infestations P. xylostella from October 
to December and low from January to September. Mohamed et al. (2004) described that the 
population density of P. xylostella ranged from 0 to 9.28 larvae and pupae per plant. 
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These results demonstrate that among the three selected areas, the highest population 
was recorded in Haripur District. Cruciferace particularly cauliflower is grown in this area 
continuously throughout the year since long and therefore the food remains available for all 
the generations of P. xylostella. The highest number of the presence of insects confirmed by 
Trinh (1997) who stated that when the cruciferous crops are cultivated frequently then a high 
population of P. xylostella is present in that area. 
 
2.5.2 Correlation matrix of P. xylostella population in all study areas with maximum 
and minimum temperatures, percent relative humidity and rainfall 
 
The associations between P. xylostella populations on cauliflower and weather 
parameters were examined in Swat, Peshawar and Haripur districts of Khyber Pakhtunkhwa 
in cropping season from June to November during the year 2012 and 2013. The importance of 
climatic factors in the population dynamics of P. xylostella has been emphasized by plethora 
authors (Cohen, 1982; Vickers et al., 2004). Both biology and development of P. xylostella 
are highly dependent on temperature and humidity (Guo and Qin, 2010).  
The studies showed that there was a non-significant (P˃0.05) correlation between the 
population and maximum and minimum temperatures in all experimental locations during the 
years 2012 and 2013. The interaction of the population with maximum temperatures in 
Peshawar, Haripur and Swat was negative in both years. These results are in conformity with 
Sow et al. (2013) who reported that there was a negative correlation between temperature and 
P. xylostella populations and high temperatures did not increase the pest populations.  
The interaction (r = 0.02, 0.06 and 0.07, 0.06) between population and minimum 
temperature positive in Peshawar and Swat respectively during 2012 and 2013 whereas in 
Haripur area the relationship (r = -0.09 and = -0.17) was negative. Our finding is consistent 
with Patra et al. (2013) who accounted that hot conditions favoured the multiplication of P. 
xylostella while cold ones in November-February limited its population dynamics. According 
to Shelton (2001) hot and dry conditions are known to be conducive for P. xylostella. 
Percent relative humidity imparted diverse results from non-significant to highly 
significant on the population growth. During the year 2012, RH had a highly significant 
(P<0.01) and positive interaction (r = 0.79 and 0.89) respectively in Peshawar and Swat with 
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the population buildup whereas in 2013, the relationship (r = 0.67) in Peshawar was 
significant (P<0.05). In District Haripur, in both years, a non-significant (P˃0.05) positive and 
negative interaction (r = 0.36 and -0.09) respectively with the RH was observed whereas in 
Swat during 2013, the association (r = 0.11) between population dynamics and relative 
humidity was non- significant. Hemchandra and Singh (2007) reported that lower RH, higher 
temperature and lower total RF, seem to favour increase the numbers of P. xylostella. 
Venkateswarlu et al. (2011) reported that among different climatic tools, maximum and 
minimum temperatures had a significant positive correlation whereas percent relative 
humidity showed significant negative correlation with P. xylostella population. 
Leu and Lee (1984) and Talekar and Lee (1985) reported that profound rain is one of 
the essential detrimental factors affecting the abundance of P. xylostella. Our result 
demonstrated that rainfall had a highly significant interaction with infestation in term of 
population index in all locations during the research. During the Year 2012 the relation (r = -
0.98, -0.94 and -0.96) in Peshawar, Haripur and Swat respectively were positively highly 
significant (P<0.01) while in 2013, the interaction (r =-0.89 and -0.81) Haripur and Swat 
respectively was negative and highly significant (P<0.01) but in Peshawar there was non-
significant interaction (r = -0.46) between population of P. xylostella and RF.  Our results are 
in conformity with the studies of Sow et al. (2013) who reported that during the dry season 
the population of larvae and pupae of P. xylostella were higher than the rainy season.  Talekar 
and Ying Lin (1998) also stated that P. xylostella spent entire life on the surface of plant 
besides it is a surface feeder and thus adversely influence by the abiotic factors including rain, 
wind, pathogens, natural enemies and therefore, during the rainy season, it does not create 
grave threat partly because of the drowning and or physical removal of the larvae and pupae 
from the plant surface which substantiate our research finding.  
 
2.5.3 Multiple Regression equations for P. xylostella during the years 2012 and 2013 
 
Multiple regression results demonstrated that weather parameters had great influence 
on the variation of P. xylostella population. During the year 2012 and 2013, a percent 
variation of about 94.49 (R2) and 97.43 (R2) in Swat, 96.36 (R2) and 87.56 (R2) in Haripur and 
98.06 (R2) and 90.96 (R2) in Peshawar were recorded between weather parameters and the 
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population of P. xylostella on cauliflower. Talekar et al. (1986) also affirmed our results that 
raining has negative and unfavorable diverse correlation with the population of P. xylostella 
and therefore due to its vulnerability to rain it is not a serious pest during rainy season. He 
also stated that artificial raining in term of irrigation can reduce the infestation of this insect at 
dusk significantly. Harcourt (1986) reported that climatic conditions, including higher 
temperatures and decreased rainfall were cited as major factors which regulate the population 
dynamics of P. xylostella. Patra et al. (2013) reported that positive correlation was observed 
in case of maximum temperature while the mean relative humidity and rainfall had negative 
role on population build-up. 
 
2.6 CONCLUSIONS 
 
• The correlation matrix between the population dynamics of P. xylostella and weather 
parameters demonstrated that mean maximum and minimum temperature exhibited 
statistically non-significant association with P. xylostella population build up. 
• Rainfall showed a highly significant (P<0.01) negative relationship with P. xylostella 
population during both years of studies in all the three districts. 
• Regression analysis showed 87.56 to 98.06 % variability in P. xylostella population due 
to maximum and minimum temperatures, relative humidity and rainfall in all areas. 
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Chapter 3 
MOLECULAR CHARACTERIZATION OF PLUTELLA XYLOSTELLA 
3.1 INTRODUCTION 
 
For the management of Plutella xylostella different approaches have been used across 
the globe like introduction of natural enemies, insecticides and integrated pest management 
(IPM) but this pest is still remain a key pest of all cruciferous crops because of its rapid ability 
of developing resistance to various pesticides (Shelton et al., 1993).  The proper control of P. 
xylostella mainly requires an understanding of its basic biology, population structure, biotypes 
and genetic basis of resistance to various synthetic and microbial insecticides such as Bacillus 
thuringiensis (Gahan et al., 2001; Ferre and Rie, 2002). Molecular studies of population 
variation of an insect pest with respect to geographic variation are very important for 
developing an optimal control strategy in an IPM scheme. Genetic studies of P. xylostella are 
very limited and are restricted to a small population and a few regions of the world (Chang et 
al., 1997: Kim et al., 2003). 
Throughout the world various kinds of molecular techniques and approaches are used 
to determine species diversity and variability. For molecular characterization and genetic 
diversity identification in P. xylostella, molecular markers provides an excellent knowledge 
and can also provide help to identify insecticides resistant populations which further provides 
support to evolve appropriate management strategies and programmes (Roehrdanz and 
Degragillier, 2000). In addition to management aspects, molecular level studies of an insect 
pest provide a basic frame-work to know about the taxonomy of the species, its population 
structure, races/biotypes etc.  The Random Amplified Polymorphic DNA (RAPD) is one of 
these molecular tools which is widely used in the determination of population structure of an 
insect and particularly needed in areas where prior knowledge of DNA sequences is not 
available. The random amplified polymorphic DNA (RAPD) technique is quick result 
oriented, simple and cost–effective for analyzing the insect populations (Lou et al., 1998; 
Ross et al., 1999; Biron et al., 2000; Moya et al., 2000; Naber et al., 2000). This technique 
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aids in fingerprinting the genotypes and developing DNA markers (RAPD markers) specific 
to races and biotypes (Harry et al., 1998). 
Studying various Lepidopteran populations including P. xylostella for genetic 
variability, the researchers have utilized allozymes markers but generally these markers 
resulted in low molecular variability and thus reduce its function of determining the 
population structure. Besides, the allozymes markers technique requires to store insect at –
70ºC collected for molecular studies prior to analysis, which is very impractical in field 
studies. Goldstein and Schlotterer (1999) and Sunnucks (2000) used microsatellites 
techniques for molecular level studies in insects to determine population structure and have 
well documented its advantages (e.g. codominance, species- and locus-specificity) but time 
and low cost have led to the universal popularity of locus techniques such as RAPDS (Vos et 
al. 1995; Suazo and Hall, 1999).  
DNA-based techniques required an ambient temperature in 95% ethanol, an easier 
storage and are not compounded by environmental or developmental post-translational or 
post-transcriptional changes and often reveal larger diversity. There is a great genetic 
diversity in insect species and even within populations of a same species (Apostol et al., 1993; 
Stevens and Wall, 1995). DNA fingerprinting  therefore appears as a reliable method and the 
power and importance of the polymerase chain reaction (PCR) in insect studies is well 
recognized as this technique required a small amount (in nanogram) of DNA and even a small 
portion of the insects or any body part are sufficient for determining diagnostic band pattern 
(Kambhampati et al., 1992). 
DNA markers are remarkably successful tools in making inferences about movement 
between insect pest populations as these markers represent selectively neutral characters 
(Black et al., 2001). Molecular markers of various kinds can disclose different levels of 
genetic variation, making population genetics studies possible on a broad spectrum of 
geographical scales and that why RAPD markers technique is widely effective to elucidate the 
geographical origin of and gene flow among insect populations (Vandewoestijne and 
Baguette, 2002; Ayres et al., 2003). 
In some regions due to strong selection pressure and reduced migration isolated 
populations of P. xylostella may differentiate from each other resulted into minimum gene 
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flow but still adults can migrate over very long distances as mass migrations have been 
reported in temperate climates, between the south of Finland and England (Mackenzie, 1958), 
Netherlands and England (Chapman et al., 2002) and southern USA and Canada (Harcourt, 
1986). In these areas the gene flow may be ample to overcome differences between the 
existing populations but it can also be concluded that differences in levels of insecticide 
resistance between populations may also result from different selection pressures and due to 
local variation in insecticide use. Population genetic approaches have been used to determine 
and reveal the migration of the P. xylostella but no genetic differentiation have detected 
between and within the populations of Australia and New Zealand, China and United States 
(Saw et al., 2006; Endersby et al., 2006; Li et al., 2006) 
In Pakistan P. xylostella is a serious pest causing serious economic losses but little 
attention has been paid to work on its management and other aspects.  The DNA or molecular 
level studies has not been conducted yet for discovering its resistance level to various 
pesticides as well as to know about its population structure. For determining genetic diversity 
and knowing different races and biotypes of P. xylostella on the concept of geographical 
variation in population, the Random Amplified Polymorphic DNA (RAPD) markers 
technique was selected. This technique has several advantages when compared to other 
techniques with respect to handling, simplicity and cost effectiveness. With this existing 
scenario, experiments were conducted to study the genetic variability of P. xylostella 
populations collected from three geographically different regions (Swat, Haripur and 
Peshawar) of Khyber Pakhtunkhwa, having different altitudes by using RAPD markers. This 
molecular level study was the first attempt ever made on P. xylostella in Khyber Pakhtunkhwa 
Pakistan. 
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3.2 REVIEW OF LITERATURE 
 
Williams et al. (1990) and Deverno et al. (1998) studied population diversity of 
various closely related insect species using molecular technologies. They reported that 
Polymerase Chain Reaction (PCR) strategies used in Molecular studies provides high level of 
sensitivity and quickness for the determination, identification and characterization of different 
insect species and diverse populations. 
Adamson et al. (1993) stated that for determination and estimation of genetic distance 
among various insect populations, the Random Amplified Polymorphic DNA (RAPD) 
analysis is an important instrument for these kinds of observations and analysis. The varietal-
specific amplification of dissimilar bands, authorize their application in genetic fingerprinting. 
RAPD therefore, appears to be a valuable tool in differentiating various insect species, 
subspecies and strains. 
Heckel et al. (1993) studied the difference between the BT susceptible strains of the P. 
xylostella using RAPD-PCR technique, reported that this technique is cost effective, take less 
time, the results can be directly inferred from the gel and it disclose great quantity of genetic 
differentiation and therefore it discover various entomological appliances. 
Benecke (1998) and Lima et al. (2002) reported that RAPD markers are very well 
appropriate for application in insect phylogeny areas such as the unearthing of genetic 
variability among populations over and above the identification  of  strongly connected 
species  
Ross et al. (1999) and Biron et al. (2000) studied various molecular techniques for the 
determination of genetic differences among insect populations and reported that among the 
currently available diverse nuclear marker technologies, the Random Amplified Polymorphic 
DNA (RAPD) markers tools represent fast, simple and highly cost effective techniques to 
assess various insect populations. 
Bardakci (2001) and Delaat et al. (2005) reported that RAPD technique has been build 
up to identify genetic diversity by PCR amplification of arbitrary segments of genomic DNA 
by using random, short primers and thus does not require previous acquaintance of a DNA 
sequence. Its low cost, competence in producing a huge number of  DNA  markers  in  a short  
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span of time and the less complicated apparatus that it involves has made randomly amplified 
polymorphic DNA (RAPD) a indispensable and precious technique.  
Gadelhak et al. (2005) in United Arab Emirates (UAE) studied the genetic variations 
between populations of the red palm weevil, Rhynchophorus ferrugineus for determining that 
whether the Rhynchophorus ferrugineus population in the UAE belongs to the similar genetic 
group or not. For this identification, the RAPD technique was used to assess seven 
populations of the insect from different locations of UAE. RAPD primer pairs expose a total 
216 RAPD fragments in these populations and 111 of these bands showed polymorphism 
(51.4%). Cluster analysis of RAPD data clearly alienated these populations into three 
different groups with a genetic variability between (0.38- 0.94).  
Li et al. (2006) studied the pattern and magnitude of genetic variation in P. xylostella 
in China and reported that a portion of the mitochondrial (mt) COI gene collected from 6 
Chinese and 2 Korean localities which cover ~2,151,600 km, was sequenced.  The analysis of 
the 681-bp mt COI gene from 80 individuals resulted in 16 haplotypes, arraying in sequence 
divergence from 0.1% (one nucleotide) to 0.9% (six nucleotides). One nucleotide position 
among 16 variable locations was a transversional substitution and the left over sites were 
transitional substitutions. No position produced in amino acid substitution. Phylogenetic 
analysis showed that all haplotypes were closely interconnected and no discernable 
haplotypes faction was determined. From a geographical point of view, most haplotypes were 
found singly at one or two localities, with three haplotypes broadly dispersed. Modest genetic 
differentiation (FST = –0.038– 0.309) and an elevated rate of female migration (Nm = 1.117 – 
infinite) between Chinese populations put forward that scattering over long distances is a 
main factor in the demography of this species. 
Pichon et al. (2006) investigated fourteen (14) different population of P. xylostella for 
determining genetic variation among them. These P. xylostella populations were collected 
from USA (Geneva, New York), The Philippines (Caragan de Oyo), Brazil (Brasilia), South 
Africa (Johannesburg), Reunion Island (Montvert), Japan (Okayama), Uzbekistan (Tashkent), 
France (Montpellier), Benin (Cotonou) and Australia (Adelaide, Brisbane, Mareeba, 
Melbourne, Sydney) and then were assessed by analysis of allozyme frequencies at seven 
polymorphic loci. Majority of these populations were not in Hardy–Weinberg equilibrium and 
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had a scarcity in heterozygotes. The global demarcation among populations was estimated by 
the fixation index (Fst) at 0.103 for the 14 populations and at 0.047 when populations from 
Australia and Japan, that were diverged a large amount and had a strong genetic population 
structure, were excluded from the analysis. On the other side, the populations from Benin 
(West Africa) and Brazil (South America) were closely connected and linked with one 
another. It was concluded from the finding that Genetic differentiation among the populations 
was not correlated with geographical detachment. 
De-Oliveira et al. (2007) conducted research on the populations of Dalbulus 
maidis collected from the north-eastern and central-southern country regions of Brazil. These 
areas were having different geographical conditions and the populations were thought to be 
genetically isolated. For this purpose he used the random amplified polymorphic DNA 
(RAPD)-polymerase chain reaction (PCR) technique to determine the genetic structuring of 
this leafhopper species among five geographically isolated localities across those locations 
and to measure gene flow between populations. Ten samples of the specimens per population 
were taken and genotyped with RAPD markers generated from amplification with nine 
oligonucleotides. The percentage of polymorphic loci was 78% in relation to the total quantity 
of amplified loci and genetic resemblance either between or within populations was higher 
than 0.72. Cluster analysis grouped specimens from the northeastern populations 
(Mossoro/RN) into a lone group, whereas central-southern specimens were not grouped in 
relation to their locations of collection and origin. On the whole, the genetic subdivision index 
(Fst) was low (≤0.113), whereas the gene flow estimate (Nm) was high (8.53) between 
populations, except between the Mossoro/RN population and those of the central-southern 
region (Fst ≥ 0.192 and Nm ≤ 1.05). The comparatively high rates of gene flow between 
central southern populations put further the occurrence of migration within that region, 
whereas the Mossoro/RN population produced the impression to be genetically isolated from 
others.  
Jain et al. (2010) stated that RAPD markers have been applied in gene mapping to 
genetically characterize various cultivars and insect species. RAPD infer phylogeny and 
biogeography of insect populations and understand modes of evolution and evolutionary 
trajectories. RAPD markers have turn out to be the most universal yardsticks for measuring 
genetic differences between individuals of a population, within and between related species. 
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The unprecedented advancements in modern molecular biology, particularly in those of DNA 
marker technology, have created an asset of technical competence that finds constructive 
application in molecular ecology research in insects. 
Neekhra et al. (2012) conducted experiments for the determination and differentiation 
of two most commonly available insect species Periplaneta americana and Blatella 
germanicausing RAPD primers technique. During this research study, cockroach species P. 
americana and B. germanica were considered. Ten random primers were applied for 
polymerase chain reaction (PCR). Many of such bands search out that differentiate between 
the two species. On the basis of interpretability, simplicity and reproducibility, six primers 
were recommended and further considered positive for genetic differentiation and analysis. 
An array of bands ranging from ~300 bp to ~1,000 bp obtained indicated that these two 
species are similar however they exhibited some variations. It has also been noticed that some 
of the fragments were unique in both the species which may be used for diagnostic purposes 
and the same primers also amplified some DNA fragments of the same size in both of the 
species, which predicted the presence of conserved regions, sharing ancestral relationship. It 
was concluded that the RAPD-PCR technique is highly productive of determining molecular 
taxonomy in insects. 
Wei et al. (2013) stated that P. xylostella is highly destructive insect pest of 
cruciferous crops throughout the world and the biological, ecological and genetic studies have 
suggested that this pest is migratory in various regions of the world. To better comprehend its 
migration pattern, the population genetic structure and demographic history of the P. 
xylostella were investigated by studying 27 geographical populations across China using 4 
mitochondrial genes and 9 microsatellite loci. The outcomes demonstrated that high 
haplotypes fluctuation and low nucleotide fluctuation present in the P. xylostella populations, 
a finding that is typical for migratory species. Zero genetic differentiation among all 
populations and no correlation between genetic and geographical distance were found. 
However pair wise analysis of mitochondrial genes has depicted that populations from the 
southern region were more distinguish than from northern region. Gene flow analysis exposed 
that the effective number of migrants per generation into populations of the northern locations 
is very high, whereas that into populations of the southern region is very low. Neutrality 
testing, mismatch distribution and Bayesian Skyline Plot analyses based on mitochondrial 
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genes all reported that deviation from Hardy-Weinberg equilibrium and sudden expansion of 
the effective population size were present in populations from the northern region but not in 
those from the southern region.  
Eighteen random primers were screened by Shankara et al. (2014) to investigate 
the genetic variability among the seven populations of P. xylostella. Five Operan (Op) primers 
viz., OpC 6, OpC 9, OpC 10, OpC 4 and OpB 20 out of the total eighteen used primers 
produced unique banding patterns that could distinguish all the seven population and yielded a 
total of 183 bands. High number of bands obtained with primer OpC 6 and the lowest number 
of amplifications noticed with OpB 20 with the average amplifications of 36.60 per primer. 
All the bands produced by these primers were polymorphic indicated high genetic 
variability among P. xylostella populations. The cluster analysis of RAPD data clearly 
separated these populations into two distinct groups with first group consisting of only Delhi 
population whereas remaining of the population falling into second group. The higher 
diversity and dissimilarity (43%) was recorded between the populations from Delhi and 
Belgaum, whereas, the lowest dissimilarity (24%) was established in populations collected 
from Ludhiana and Hassan of India.  
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3.3 MATERIAL AND METHODS 
 
3.3.1 Specimen Collection of P. xylostella 
Twenty larvae (3rd instar) of P. xylostella were collected from each Haripur, Peshawar 
and Swat having 1706 ft, 1178 ft and 3182 ft altitude respectively. The collected 3rd instar 
larvae (10-12 mm long, green body and dark black head specimens) were washed, 
transferred to different bottles having areas labels and then stored in 96% alcohol (Ethanol) 
for Genomic DNA extraction in the Health laboratory of Institute of Bio-Technology and 
Genetic Engineering (IBGE), The University of Agriculture, Peshawar. 
3.3.2 Protocol for Genomic DNA Extraction 
 
For Genomic DNA extraction of P. xylostella in the Laboratory of IBGE, Spinklean 
Genomic DNA Extraction Kit (K5121-100 preps) was used and the procedure of Shankara et 
al. (2014) was followed. Mortar and pestel were washed and covered with aluminum foil and 
then placed on -800C. Stored P. xylostella 3rd instars larvae specimen from each location were 
crushed to powder separately in mortar through pestel and were transferred to three separate 
eppendorf tubes by spatula. 250µl TL Buffer (Lysis buffer) was added by a micropipette to 
crushed larvae in eppendorf tubes for extracting extract DNA samples. The samples were then 
kept on vortex to properly mix for 30 seconds. For pure DNA collection, 20µl proteinase K-
enzyme was added to the powder larvae specimen in each eppendorf tube and was mixed 
thoroughly by pulsed vortexing. For breaking down any substances present in DNA Extract, 
Lysis buffer of 220µl was added to the solutions, vortexed and incubated (Water bathing) at 
65 0C for 2 hours and vortexed for about 30 seconds after every 15 minutes during incubation. 
A volume of 560µl Buffer TB was then added to each eppendorf tube and mixed 
comprehensively through vortex for getting homogeneous solution and was incubated for 10 
minutes at 65oC.    
After incubation 200µl absolute ethanol (95%) were added to the homogeneous 
solution and mixed through pulse vortexing. Approximately 600µl of the sample was 
transferred to Column, assembled in clean collection tube and was centrifuged at 5000Xg for 
1 minute. Again 600µl of the sample was transferred to Column tube and was centrifuged at 
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5000Xg for 1 minute. Column was washed twice with 750µl wash buffer ‘PS’ and centrifuged 
at 5000 Xg (RPM) for 1 minute. For removing traces of ethanol, the column was centrifuged 
again at 10000Xg (RPM) for another one minute. The column tubes were then transferred into 
fresh eppendorf tubes (Collection tubes) and 200µl pre-heated elution buffer ‘TE’ were added 
to each column membrane and were left for about 2 minutes at room temperature. After 
centrifuged for 1 minute at 5000Xg (RPM) to elute DNA, the DNA was then stored at -200C 
for molecular studies. 
 
3.3.3  Polymerase Chain Reaction (PCR) 
 
The entire Polymerase Chain Reaction (PCR) was carried out in 25µl reaction 
containing 1µl total genomic DNA (150 nm), 0.25 mM of RAPD primers (Genlink, USA), 
200 µM of each dATP, dGTP, dTTP, 50mM, KCL, 10mM Tris, 1.5 mM MgCl2 and 2.5 
unites of Taq polymerase (Devos and Gale, 1992). Amplification conditions were initial 
denaturation step of 4 minutes at 940C followed by 40 cycles each consisting of a denaturation 
step of 50 second at 940C annealing step followed by 10 minutes extension at 720C. All 
amplification reactions were performed using gene amp PCR system 2700 programmable 
thermo cycler. The amplification products were then electrophoresed on 2% agarose /TBE gel 
and visualized by staining with Ethidium Bromide under "UV" and photographed using gel 
documentation, UVTEC. 
3.3.4 Statistical Analysis 
As all the bands produced were monomorphic and there were no polymorphism 
detected in the three geographically distinct populations of P. xylostella by using the 17 
primers, therefore, no statistical analysis was carried out for this research. 
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3.4 RESULTS 
 
For studying molecular characterization (Fingerprinting analysis) of P. xylostella, 
Seventeen (17) Randomly Amplified Polymorphic DNA (RAPD) primers were used. During 
standardization ten primers showed promising results (Table 3.1) that were further used in this 
study whereas the remaining seven primers (Table 3.2) impart negative results. Primers D-12, 
G-09, F-05, G-05, D-16, A-18, G-11, E-17, G-13 and G-05 generated genetic bands at various 
loci between 250 to 1500 bp for the three population samples of P. xylostella collected from 
Swat, Peshawar and Haripur districts having different altitudes and geographic conditions.  
Table 3.1. Name, Sequences, Primer Size and Molecular Weight (g/mol.) of RAPD 
Primer that gave Positive Results/Bands 
 
S. No. Name of Primer Sequences Primer Size Tm 
M. Wt. 
(g/mol.) % GC 
01 GL Decamer D 12 CACCGTATCC 10 29.5 2948.0 60 
02 GL Decamer G 09 CTGACGTCAC 10 29.5 2988.0 60 
03 GL Decamer F 05 CCGAATTCCC 10 29.5 2948.0 60 
04 GL Decamer G 05 CTGAGACGGA 10 29.5 3077.1 60 
05 GL Decamer D 16 AGGGCGTAAG 10 29.5 3117.1 60 
06 GL Decamer A 18 AGGTGACCGT 10 29.5 3068.1 60 
07 GL Decamer G 11 TGCCCGTCGT 10 33.5 2995.0 70 
08 GL Decamer E 17 CTACTGCCGT 10 29.5 2979.0 60 
09 GL Decamer G 13 CTCTCCGCCA 10 33.5 2923.9 70 
10 GL Decamer C 05 GATGACCGCC 10 33.5 3013.0 70 
 
Seven Primers (Table 3.2) C-18, G-20, E-10, H-08, C-10, A-07 and H-10 after 
standardization failed to produce positive results as no bands appeared at any loci and 
therefore they were discarded from the study of determining the molecular characterization of 
different P. xylostella population on the basis of genomic DNA extraction using RAPD PCR 
method. 
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Table 3.2.  Name, Sequences, Primer Size and Molecular Weight (g/mol.) of RAPD 
Primer that gave Negative Results/No Bands  
 
S. No. Name of Primer Sequences Primer 
Size 
Tm M. Wt. 
(g/mol) 
% GC 
01 GL Decamer C 18 TGAGTGGGTG 10 29.5 3139.1 60 
02 GL Decamer G 20 TCTCCCTCAG 10 29.5 2939.0 60 
03 GL Decamer E 10 CACCAGGTGA 10 29.5 3037.0 60 
04 GL Decamer H 8 GAAACACCCC 10 29.5 2966.0 60 
05 GL Decamer C 10 TGTCTGGGTG 10 29.5 3090.04 60 
06 GL Decamer A 7 GAAACGGGTG 10 29.5 3117.1 60 
07 GL Decamer H 10 CCTACGTCAG 10 29.5 2988.0 60 
 
Figure.3.1 illustrated the molecular characterization of the P. xylostella by using four 
Randomly Amplified Polymorphic Deoxyribo Nucleic Acid (RAPD) primers (G-11, E-17, G-
13 and C-05) to find out the variation in the populations collected from Swat, Peshawar and 
Haripur Districts of Khyber Pakhtunkhwa-Pakistan. 
 
3.4.1 Primer GL Decamer G 11 
Fig. 3.1 showed Electrophereogram, PCR based amplification of the genomic DNA of 
the three samples of P. xylostella populations from Swat, Peshawar and Haripur districts 
respectively. Primer G11 amplified the genomic DNA at two loci, around 1000-1500 bp. 
These banding patterns at the two loci were monomorphic and no apparent variation was 
observed at the molecular level among the populations of P. xylostella collected from three 
diverse geographical areas with different altitude and topography.  
 
3.4.2 Primer GL Decamer E 17 
RAPD primer E-17 showed a banding pattern of the same nature as Primer G-11 and 
the genomic DNA of P. xylostella samples were amplified on two loci at 1000-1500 bp. The 
banding pattern was similar like that of the aforementioned RAPD primer and no molecular 
variation was observed for E-17 RAPD primers among three population of the P. xylostella. 
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3.4.3 Primers GL Decamer G 13 and GL Decamer C-05 
Monomorphic characters for all the three samples has been recorded in RAPD primer 
G-13 which amplified genomic DNA at two loci around 500 and 750 bp and no population 
diversity has been recorded for the said population at molecular level. In the same way, 
RAPD primers C-05 also exhibited zero polymorphism makeup for all three samples (Fig. 
3.1). On the basis of all these four primers, G-11, E-17, G-13 and C-05 used, no variation at 
molecular level in the population of the P. xylostella was detected. 
 
 
3.4.4 Primer GL Decamer D-12 
A total of 6 alleles were amplified on two loci at about 750-1000 bp by using rapid 
Primer D-12 (Fig. 3.2). All these produced bands showed that the populations were having 
zero genetic variability and there was no polymorphism among the selected populations based 
on using this rapid primer. 
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3.4.5 Primer GL Decamer G-09 
Primers G-09 was used to determine the genetic diversity among the populations of P. 
xylostella. G-09 primer gave six similar structures for all the three experimental samples 
about 500-750 bp. Results of G-09 primers demonstrated that all the populations were 
monomorphic and there was no polymorphism reported among the population of Swat, 
Peshawar and Haripur (Fig. 3.2). 
 
3.4.6 Primer GL Decamer F-05 
Fingerprint of the PCR based Genomic DNA amplified by the Primer F-05 (Fig. 3.2) 
demonstrated that there were a total of four bands of DNA recorded at loci between 250-500 
bp by the population samples of Swat and Peshawar districts where the population sample of 
Haripur District is not amplified through Primer F-05. Fingerprint of Swat and Peshawar at 
two loci were not genetically different from each other and were thus found similar in genetic 
makeup  
 
3.4.7 Primer GL Decamer G-05 
A total of six alleles were identified as shown in Fig.3.2 in consequence of the use of 
G-05 primer. DNA bands were recorded at 500-750 bp at two loci but all the alleles were 
monomorphic for all the populations (Fig. 3.2). 
 
3.4.8 Primers GL Decamer D-16 and GL Decamer A-18 
Electrophoreogram (Fig. 3.2) showing PCR based amplification of P. xylostella 
population by using primers D-16 and A-18. Primer D-16 generated six bands at two different 
loci from 750 to 1500 bp for the three examining population trials but all alleles were 
monomorphic and there was no diversity recorded. Primer A-18 produced nine bands at three 
different loci about 500-1500 bp but bands produced were similar and no polymorphism was 
detected among the population on the basis of this primer. 
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3.5 DISCUSSION 
 
Knowledge of the genetic aspects of geographic variation and population structure of 
an insect pest may provide important biological information for developing optimal control 
strategies. Nevertheless, such information on P. xylostella is limited to a slight number of 
populations and regions of the world (Kim et al., 2003).  Zilahi-Balogh et al. (1995) 
demonstrated that available knowledge and statistics on the genetic variation and molecular 
characterization of P. xylostella on the basis of geographical variation is infrequent. The 
genetic variation mong the populations is not linked with geographical distance (Pichonet al., 
2006). The Random Amplified Polymorphic DNA (RAPD) primers analysis technique has 
been applied productively in characterizing clones and noticing clonal diversity in 
parthenogenetic insect pests (Fong et al., 1995). RAPD used in gene mapping for 
characterizing genetic diversity and therefore is the widely used yardstick for measuring 
genetic differences within and between the populations (Jain et al., 2010). There is no 
correlation between genetic configuration and geographic distance and it is not unusual in 
crop pest (Chang et al., 1997) and has been previously observed in P. xylostella population 
(Pichon et al., 2006). 
The genetic diversity of P. xylostella population collected from three different climatic 
regions was examined by RAPD-PCR analysis. Seventeen random primers were used in the 
current study to investigate the genetic variability among the populations collected from Swat, 
Peshawar and Haripur Districts. The result demonstrated that out of seventeen RAPD primers 
used, ten primers produced clear amplifications and were further used for molecular studies of 
P. xylostella. All the ten primers viz D-12 (seq.CACCGTATCC), G-09 (seq. 
CTGACGTCAC), F-05 (seq. CCGAATTCCC), G-05 (seq. CTGAGACGGA), D-16 (seq. 
AGGGCGTAAG), A-18 (Seq. AGGTGACCGT), G-11 (seq. TGCCCGTCGT), E-17 (seq. 
CTACTGCCGT), G-13 (seq. CTCTCCGCCA) and G-05 (seq. GATGACCGCC) engendered 
a total of 64 amplifications with an average of 6.4 bands per primer at various loci between 
250 to 1500 bp but all of them were monomorphic and polymorphism were not found for 
three populations samples of P. xylostella.  
These observations are in agreement with several other studies based on an identical 
method of using DNA fingerprinting through RAPD primers.  Pichon et al. (2006) studied 
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variation among fourteen populations of P. xylostella selected from different countries and 
locations by analysis of allozyme frequencies at seven polymorphic loci and found that these 
populations were deficit in heterozygotes. They further reported that populations from Brazil 
and Benin were very monomorphic. Li et al. (2006) studied the genetic variation in P. 
xylostella populations and reported that populations with a high gene flow rate were 
genetically similar to each other. Perring et al. (1993) conducted molecular characterization 
studies on the populations of whitefly species using RAPD-PCR analysis stated that similarity 
in populations ranges from 80-100%.  Seven populations of Red Palm Weevil in the United 
Arab Emirates were studied by Gadelhak and Enan (2005) using RAPD-PCR analysis 
technique demonstrated no significant genetic variation by distance among these samples. 
Scataglini et al. (2000) studied the neighboring populations of boll weevils in Southern Brazil, 
Paraguay and northern Argentina and reported that RAPD analyses did not demonstrate 
significant genetic isolation by distance among them. Bues et al. (1995) studied the 
population diversity in apple codling moth, Cedia pomenella found low genetic differentiation 
by the execution of allozyme markers. Eight characteristic geographical populations of P. 
xylostella were investigated for genetic diversity by Xun et al. (2012) in China by using ISSR 
method through exercise of fifteen primers but no noticeable genetic differentiation were 
detected in this research. 
Contradictory to our finding, Shankara et al. (2014) used eighteen random RAPD 
primers to investigate the genetic variability among the seven populations of P. xylostella and 
reported high genetic variability among the populations as all bands were polymorphic. Roux 
et al. (2007) reported high polymorphism between populations of P. xylostella but about 94% 
of the genetic diversity was within the population. Likewise same kind of results were 
recorded among others insects pests such as in cotton bollworm, Helicoverpa armigera and 
Spodoptera litura in China and India (Fakrudin et al., 2004; Monnerat et al., 2006) by using 
RAPD primers analysis. Edwards and Hoy (1993) studied polymorphism in two parasitoids 
including parasitoid wasps and Argentine Stem Weevil by suing the Random Amplified 
Polymorphic DNA polymerase chain reaction found differences between geographically 
isolated populations. Similarly, in P. xylostella, the maximum Mitochondrial DNA sequence 
divergence was recorded as 0.9% in comparison with other insects (Kim et al., 2000). Bae et 
al. (2001) reported Mitochondrial DNA divergence in two species of mushroom fly as 02% 
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and 1.2% and Mun et al. (1999) recorded a divergence of about 0.23 % and 0.12% in two 
species of the population of rice plant hoppers. This clearly indicates that the sequence 
divergence in P. xylostella is high in comparison with others insects. 
The life of P. xylostella is short and produce many generation per year and thus 
become abundant in no time (Telekar and Shelton, 1993) and they migrate about thousand 
kilometers from one area to another (Lorimer, 1981) in a proportion of about 7.8 % per day 
(Caprio and Tabashnik, 1992) which is supported by the recent observation conducted by 
Chapman et al. (2002) using radar, aerial netting and ground trapping. It is concluded this 
technique is useful for the discrimination between biotypes among populations. Espinasa and 
Borowsky (1998) reported that RAPD-PCR pattern are associated with the evolutionary 
adaptation of sub populations when these are initiated in new environments or in stressing 
physical conditions. These finding are in conformity with our results but for more decisive 
conclusion, required more samples from a great diversity of habitats to be analyzed and more 
primers and samples within the population may be collected. The genetic diversity if detected 
on the basis would helpout the farmers and researchers in their future strategies and 
developing an effective IPM Programme against this pest. 
 
3.6 CONCLUSIONS 
 
• No. genetic diversity was recorded on the basis of the used primers among the 
populations of P. xylostella collected from Swat, Haripur and Peshawar.  
• For more decisive conclusion it is required to collect more samples from a great 
diversity of habitats and samples within the population may be incorporated.  
• Specific primers should be designed and other advanced techniques may be used for 
detecting genetic variability. 
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Chapter 4 
MANAGEMENT OF PLUTELLA XYLOSTELLA 
4.1 INTRODUCTION 
 
Pakistan is among the top ten producing countries of cauliflower in the world. During 
the year 2011-2012, cauliflower was harvested on an area of 13622 hectares with a total 
production of 234346 tonnes. In Khyber Pakhtunkhwa province during the year 2011-2012, 
cauliflower was grown on an area of 1480 hectares with a production of 16102 tonnes. The 
share in area of Khyber Pakhtunkhwa was 10.86% whereas in production it contributed about 
6.87% (Fruits, Vegetables and Condiments Statistics of Pakistan, 2013). 
The P. xylostella is one of the most destructive insect pests of cauliflower and other 
crucifers worldwide (Talekar and Shelton, 1993). Mushtaque et al. (1995) stated that P. 
xylostella is a grave problem in Pakistan and this pest can cause 100% losses in cabbage 
production. Abro et al. (1994) reported that P. xylostella is a very serious pest in Hyderabad 
(Sind) Pakistan and in severe infestation sometime the farmers plough down standing crops in 
spite of multiple applications of different insecticides for its management.  
Around the world the proper management of P. xylostella is becoming a hard task due 
to failure of various methods to control this pest. The insect has developed multiple resistance 
to insecticides due to its intensive and injudicious application but there is no other method 
which can be used to effectively reduce the losses caused by P. xylostella to farmers. For 
proper handling of P. xylostella there is a dire need to apply integrated pest management 
approach based on the use of environmental friendly insecticides, natural enemies and cultural 
control such as intercropping (Kenmore et al., 1984). 
The application of insecticides against insect pest may result in multiple sub-lethal 
effects (Singh and Marwaha, 2000). Insect pests that survive after the application of 
insecticides may become weak and can be subjected to diseases and other factors that might 
threaten their survival. Therefore, it is important to consider all the effects these insecticides 
may have on insects in addition to mortality while determining the efficacy of an insecticide 
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(Yin et al., 2008).  Idris and Grafius (1993) stated that synthetic insecticides are lethal to both 
adult as well as the larval stages of P. xylostella and reduce the populations dramatically. 
Various alternatives were used to control P. xylostella effectively and among these 
alternatives, the use of Lufenuron (IGR)-chitin synthesis inhibitors (CSIs) gave promising 
results. IGRs are safe for the non target organisms and are selective in action (Ishaaya and 
Horowitz, 1998). Lufenuron (IGR) affects growth and development of P. xylostella, 
disturbing the molting process by inhibiting chitin synthesis. When these compounds are 
ingested resulted into lethal and delayed development (Singh and Singh, 1997; Josan, 1999). 
Lufenuron-Acylureas also reduce fecundity and have ovicidal and contact activity in P. 
xylostella (Horowitz et al., 1992; Furlong and Wright, 1994). Clark et al. (1995) stated that 
avermectins are a group of fermentation compounds that obtained from soil actinomycete, 
Streptomyces avermitili and have potential nematicidal, acaricidal and insecticidal activities. 
Rugg et al. (2005) stated that Abamectin product of avermectins is used widely for the 
management of various insects and Emamectin Benzoate, which is derived from Abamectin, 
has higher potential than abamectin against a great numbers of lepidopterous insects pest. 
Steward (Indoxacarb) is a foliar and broad spectrum insecticides widely used for the 
control of different lepidopteron field insect pests (Liu et al., 2002) and considered safe for 
the natural enemies (Du-Pont, 1998). The pyrethroids pesticides has been used against a wide 
range of insects species of Lepidoptera and has exhibited ovicidal, adulticidal and especially 
larvicidal actions (Rinkleff et al., 1995) but many insects have developed resistance including 
P. xylostella (Cameron and Walker, 1998). This group still widely used to control a large 
numbers of vegetable and field crop pests throughout the world (Foster et al., 2002). 
P. xylostella was reported as the first crop insect pest to be resistant to chlorinated 
compound, DDT and nowadays in many crucifers growing countries and regions it has shown 
significant and multiple level resistance to multiple groups of insecticides including 
biopesticides, like Bacillus thuringiensis (BT) and spinosyns, Saccharopolyspora spinosad. 
Due to development of resistance to various kinds of pesticides, the economic production of 
cauliflower and other crucifers around the world have become almost impossible. Different 
insecticides were recommended by the researchers for the management of P. xylostella but 
60% of the farmers failed to effectively and economically manage this pest (Lim, 1974). 
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Several chemicals were introduced but all become less effective after two three years of use 
by the farmers and a result the farmers increase recommended doses, frequency of spraying 
and they mixed two or more insecticides to manage P. xylostella but that resulted into high 
residual problems as well as increase cost of production  (Ismail et al., 2012). 
It is estimated that worldwide the natural enemies provided a service worth US $ 400 
billion a year by controlling insect pest (Constanza et al., 1997). Hawkins et al. (1999) stated 
that primary parasitoids of insect pest are the principal mortality factor of various insect pests 
in different agro-ecosystems. Wilby et al. (2005) demonstrated that parasitoids attack 
different life stages of a common host population termed as functional complementary. 
Failure of biological control leads to environmental destruction, increase of pesticides which 
resulted into helath and environmental degradation.  Parasitoids attacking different stages of a 
common host population do not compete directly with each other, every parasitized host adds 
to overall parasitism and this lead to development of a positive relationship between primary 
parasitoid diversity and pest population suppression (Snyder et al., 2006; Straub et al., 2008). 
The biocontrolling agents such as parasitoids may not always be successful in 
isolation to restrain insect pest populations efficiently and effectively and therefore, 
insecticides are needed as an important contributor of a successful integrated pest 
management programme (Castle and Naranjo, 2009; Zalucki et al., 2009).  Before introducing 
a biocontroling programme against an insect pest, it is important that one should have done 
research about the availability of their host, specificity of the natural enemies against the host 
and and have sufficient knowledge of the intoruction of the non-indigenous species as 
sometime it can can extinguish the native species and destroy native ecosystems. Besides, 
there is a need of proper knowledge of insecticides and their effect on the natural enemies. 
The application of natural enemies for the management of insect pest should be done when it 
is the result of a well thought out, carefully executed program is always risk free (Caltagirone 
and Huffaker, 1980).Lack of sufficient guidelines of synchronizing the biological and 
chemical control methods, make the application of broad spectrum and novel insecticides and 
conservation of the natural enemies difficult (Weinzierl, 2009; Nofemela 2013, Furlong et al., 
2008; Maalouly et al., 2013).  
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Besides, the indiscriminate use of insecticides may lift up pest densities if a pest 
population is resistant or less susceptible to administered doses than the parasitoids (Kfir 
2002; Furlong et al., 2008; Bommarco et al., 2011). 
Intercropping helps to reduce number of insect pests and diseases, increase soil 
fertility and yield and utilize the land to its full potential (Ghosh, 2004; Lithourgidis and 
Dordas, 2010). The various types of intercropping include relay, row, strip and mixed ones. 
Component crops of an intercropping system do not necessarily have to be sown at the same 
time nor they have to be harvested at the same time but they should be grown all together for 
a major part of their developmental stages.  
Intercropping has the ability to decrease damage caused by insect pest. Components of 
intercrops are often less damaged than when grown as sole crops but effectiveness varies 
(Bucher and Cheng, 1970; Javanshir et al., 2000; Saljoqi and Van Emden, 2003). A review of 
150 research articles based on field research that 198 herbivore species were investigated for 
determining its effects. Results showed that in an intercrop, 53% of the pest species were less 
abundant, 18% were more abundant, 9% showed no significant difference and 20% showed 
an arable response. Growing crops on the same piece of land increases the number of natural 
enemies of the pests and thus minimize the use of chemical pesticides (Asmanm et al., 2001; 
Berry et al., 2009; Lithourgidis and Dordas, 2010). 
Andow (1991) and Hooks and Johnson (2003) stated that insects pests having a 
narrow host range like P. xylostella attacking cruciferous crops can be controlled more readily 
when host crops are grown with the non host crops.  When an insect pest failed to find its host 
plant, it must spend extra time and energy to find it, this would result into reduced crop 
damage. The insect may deposit offspring on a non-host migrate from the area. The presence 
of intercrops as non-host plants can obstruct with an insect’s ability to search host plants by 
physically masking the host plant or by producing volatiles that confuses the insect. 
Therefore, diverse flora would interfere with the host-plant searching efficiency of an insect. 
Intercropping the cruciferous crops such as cabbage with pepper, tomato and onion was found 
to be as effective as spraying the cabbage crops with chlorpyrifos. Cabbage produced less leaf 
and head damage when intercropped with tomato and onion and higher yield than those 
intercropped with pepper (Asare-Bediako et al., 2010). Garlic has been used in the 
intercropping systems due to its insect pest repelling ability. Crucifer crops grown near garlic 
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are less prone to insect attack because this intercrop discourage insect (Mc Callum, 2007). 
Garlic is reportedly highly effective against a wide range of insect pest, pathogens as it 
contains a colourless pungent compound known as Allicin. This compound posses anti fungal 
and anti bacterial properties and imparts defense mechanism against insect pest attack 
(Moran, 1992). Coriander, garlic and tomato were grown with B. oleracea for the control of 
insect pests and it was demonstrated that coriander repelled P. xylostella and other insect pests 
(Buranday and Raros, 1973; Dube and Chand, 1977; Sivapragasam et al., 1982). 
In Pakistan, there is a dire need to develop certain integrated programmes to properly 
manage P. xylostella and minimize resistance development. To properly manage P. xylostella, 
environmental friendly, novel and microbial-based synthetic insecticides was evaluated 
against this pest in cauliflower crops. These pesticides were selected on the ground as they 
were considered safe for the environment and natural enemies. Besides they were new in the 
market as novel pesticides having microbial based and the others ground of its selection was 
to compare them with each others, select the best one from them and to incorporate them in 
the future IPM Porgramme. These compounds are used around the world with different trade 
names for the control of lepidopteran insect pests in crucifers crops. The applications of these 
insecticides were based on economic threshold level with the right dosage of application at 
proper timing of the population. Besides, intercrops were used in conjunction with pesticides 
for effective management of P. xylostella.  
This research was carried out to evaluate the effect of different management 
techniques including best novel and microbial-based synthetic insecticide and intercropping 
individually and in combination to study their interactions and synchronized effect against P. 
xylostella and its associated available parasitoids for developing a best and workable IPM 
package. The specific objectives of this part of the study include: 
• To evaluate the effect of different management techniques including novel and 
microbial-based synthetic insecticides and intercrops individually and in combination to 
sudy interactions against P. xylostella and its natural enemies (parasitoids). 
• To make a synchronized comparison of the best combinations of insecticide and 
intercrop from the previous experiments against P. xylostella for having a best IPM 
package. 
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4.2 REVIEW OF LITERATURE 
 
4.2.1 Insecticides against P. xylostella 
 
Ong and Ng (1988) studied the efficacy of the Insect growth regulator (IGRs), 
diflubenzuron against P. xylostella in cabbage and broccoli crops. Diflubenzuron was applied 
at weekly interval at the rate of 62.5 ppm on cabbage and broccoli that gave excellent control 
of this insect pest. The IGR cascade @ 40 g a.i./ha was found to be highly significant to the 
other used treatments viz., fenvelerate, Delfin and Padan in controlling infestation of P. 
xylostella at 3.7 and 10 days after application of treatments. 
Sun (1992) studied the insecticides resistance in P. xylostella and reported that 
resistance to insecticides is particularly widespread in South East Asia due to the quick 
turnover of the insects generations, regular and repeated insecticides application, a lengthy 
and continuous cropping season, the huge area under the extensive growth of crucifers 
vegetables and elevated market valve. 
Maltais et al. (1994) publicized the minimum numbers of insecticides sprayers to be 
used in crucifer vegetables without compromising on the yield and quality standards. The 
sprayers numbers were based on the threshold level of P. xylostella as 0.5 -1.0 larvae per plant 
and stated that the threshold levels are based upon the larval stage.  
Josan and Singh (2000) stated that Lufenuron, N–[2, 5–dichloro–4–(1, 1, 2, 3, 3, 3– 
hexafluoropropoxy) –phenylaminocarbonyl]–2, 6– difluorobenzamide, is a novel acylurea 
insect growth regulator, put forth sizeable sublethal effects on the larvae, pupae and adults of 
the P. xylostella. Larval stages of P. xylostella, 2nd, 3rd and 4thinstar larvae were treated at 
their particular LCM via standard 'leaf–disc dip' method of bioassay.   Pupal weight and size 
after treatment were remarkably decreased whereas larval and pupal durations remained 
unchanged. All the pupae produced from larvae treated as fourth instar were de-shaped and 
malformed and no adult from them produced. Merely 14% of the adults emerged from the 
pupae formed subsequent to treatment at the 2nd and 3rd instar, respectively, as compared to 
88–92% adult emergence in the untreated. In addition to significant decrease in body length, a 
numbers of the adults from the treatments had fringed and their wings were twisted which 
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stop normal flight. Insect Growth Regulator (IGRs) treatments also resulted in highly decrease 
in fecundity (up to 10.2 eggs was produced/female in comparison with 135.8/female in the 
control) and oviposition duration (up to 3.2 days in comparison to 7.8 days in the control). On 
the basis of these finding, it is recommended to conduct field trials to manage P. xylostella 
using Lufenuron.  
Hadapad et al. (2001) stated that the IGR Novaluron at 0.1% to 0.075% was found to 
be ideal against P. xylostella in cabbage crops. Mere two sprays of Rimon (Novaluron 10 EC) 
was resulted to be a best alternative for 8-15 sprays of insecticides by giving excellent 
management of P. xylostella and high benefit cost ratio. Novaluron at 0.075 per cent 
preserved its dominance in rising 85.24 and 85.30 per cent mortality of P. xylostella larvae at 
72 hours and 120 hours respectively. 
Reddy and Guerrero (2001) conducted field trials in cabbage, cauliflower and knoll 
crops at two different places in Indian State. Karnataka, for the purpose to properly determine 
the insecticide applications timing to control the P. xylostella using sex pheromone traps. The 
finding exhibited that applications of the insecticide, cartap hydrochloride during 12-24 h 
duration after the pheromone traps had captured an average 8, 12 and 16 male/trap per night 
in cabbage, cauliflower and knol khol respectively. Cartap was found statistically significant 
than regular insecticide sprays at 7, 9, 12 or 15 days after transplantation of the seedling in the 
field. This was confirmed by counting the mean numbers of eggs and larvae per plant, 
percentage of holes formed, as well as the marketable yield of cabbage, cauliflower and knoll 
crops at each location. An excellent correlation between the immature stages, infestation 
level, the anticipated crop yield and the quantity of moths trapped in pheromone traps were  
also established, indicating the effectiveness of pheromone-based monitoring traps to predict 
the population densities P. xylostella. 
Shakti et al. (2003) and Harishkumar et al. (2003) reported that among the chemicals 
tested, Lufenuron (Match 5 EC) @ 30 and 40 g a.i./ha was found to be the highly effectual 
one on P. xylostella control. Chemical novaluron @ 0.75 ml/l resulted into 90% mortality of 
P. xylostella larvae under laboratory condition. Significantly outstanding control was 
achieved with the IGR, flufenoxuron at 0.01 per cent by recording lowest P. xylostella 
population and highest yield of marketable heads. 
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Harishkumar and Jaglan (2005) reported that under laboratory research on six different 
concentration of the IGR, novaluron, against P. xylostella, the larval mortality ratio was 
ranged from 30 to 100 and 16 to 100 per cent in early and late instar larvae respectively. In 
addition, the application of 200 ppm Novaluron, it could afford 66.67% larval killing of P. 
xylostella and its effects may persist effectively for up to seven days after the application. 
Sarfraz and Keddie (2005) and Sarfraz et al. (2005) reported that P. xylostella has 
developed resistance to many pesticides and it is now shown in various crucifer growing 
regions that it has significant resistance to approximately all insecticides applied in the 
crucifers field including new and novel chemistries insecticides like spinosyns, 
neonicotinoids, oxadiazines, pyrazoles and avermectins. 
Uthamasamy et al. (2011) reported that microbials products viz., Bacillus 
thuringiensis (BT), Beauveria bassiana, Paecilomyces fumosoroseus, Metarhizium anisopliae 
and baculoviruses (Granulo viruses and NPV) are highly recommended alternatives to the 
synthetic pesticides. Use of novel insecticides, growth regulators and botanicals viz., 
indoxacarb (29 g a.i./ha), abamectin (15 g a.i./ha), emamectin @ 10 g a.i./ha, thiodicarb (1.25 
kg / ha), cartaphydrochloride (1 kg/ha), spinosad 2.5 SC @ 15-25 g a.i./ha, spinosad (15 g 
a.i./ha), Emamectin Benzoate (5% S G)150-200 g/ha, novaluron (0.0075% or 0.75 ml/l), 
Lufenuron (0.012%), neem oil 2% and NSKE 5% are also found to be efficient to control the 
larval population of P. xylostella . Managing the P. xylostella resistance development to new 
pesticides provides a safe route to delay resistance development in this insect pest. 
Ismail et al. (2012) studied three insecticides (spinosad, indoxacarb and abamectin) 
against P. xylostella. LC50 values were calculated using PROBIT programme. The result 
obtained had been applied to estimate the effective dose of every insecticide needed for 
controlling this insect pest. In addition, the most effective insecticide was chosen for 
managing P. xylostella. Results demonstrated that indoxacarb (Steward) was the most 
efficient and toxic to P. xylostella as compared with spinosad and abamectin because it 
provided the lowest LC50 value (1010.08 μl/5000 ml?) (Concentration casing 50% mortality) 
In term of concentration and mortality rate, indoxacarb and spinosad were the effective 
concentrations for controlling P. xylostella with a mortality rate of more than 60% and 80% 
respectively. 
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4.2.2 Natural Enemies (parasitoids) of P. xylostella 
 
Harcourt (1960) stated that the larval parasitoids have been more widely used to 
manage P. xylostella populations and further demonstrated that the parasitoid, Diadegma 
insulare Cresson (Hymenoptera: Ichneumonidae) is the most important parasitoid of this 
insect pest for management. 
Harcourt (1986) reported that D. insulare, an endoparasitoid, normally feeds within 
the P. xylostella larva and emerges from the pre-pupa immediately after the host forms its 
cocoon. The synchronization of D. insulare with its host’s developmental stages and due to 
outstanding searching capacity makes this parasitoid suitable for application as a 
supplemental method for the integrated management of P. xylostella. 
Lim (1986) demonstrated that the reason for high infestation and population of P. 
xylostella in most part of the world is due to the absence of its natural enemies in many non- 
indigenous regions particularly its parasitoids. Ooi and Lim (1989) and Mustata (1992) 
reported that all stages of the P. xylostella have numerous natural enemies, although larval 
parasitoids are most prevalent and effective at suppressing the population of this insect pest 
round the world. 
Delvare (2004) demonstrated that there are over 135 parasitoids species recorded by 
various researchers attacking various stages of P. xylostella world wide Talekar and Shelton, 
(1993) reported that among these parasitoids, the most common ones include 6 species of egg 
parasitoids, 38 larval and 13 pupal parasitoids. Whereas, Ullyett (1947) documented 11 
parasitoids, a few predators and the fungus, Entomophthora sphaerosperma (Fres) as the most 
identified and effective natural enemies of this insect pest in South Africa.  
Haseeb et al. (2004) studied the effects of field dosages of selected insecticides to the 
larval endoparasitoid, Cotesia plutellae of P. xylostella under laboratory conditions. It was 
demonstrated that emergence of P. xylostella adult from insecticide treated pupae was not 
greatly different from the control. Contact toxicity to P. xylostella adults varied significantly 
among the insecticides in a paper residue contact bioassay. Three azadirachtin-based 
insecticides, Agroneem (4.8 mg a.i/liter), Neemix (20 mg a.i/liter) and Ecozin (20 mg a.i/liter) 
caused 11.1, 16.7 and 5.6 per cent adult mortality, respectively. Among the four selected 
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commercial Bacillus thuringiensis (BT) insecticides examined (all at 1.2 mg a.i/liter), Crymax 
and Xentari had no adverse effect on adult parasitoids, whereas the insecticide, Match induced 
5.6% and Dipel ® caused 11.1% mortality. Indoxacarb (53 mg a.i.liter−1), λ- cyhalothrin (28 
mg a.i.liter−1) and spinosad (53 mg a.i.liter−1) reported 100, 88.5 and 50% adult mortalities, 
respectively. Minimum adult killing (0–5.6%) was monitored from ingestion of azadirachtin-
based, BT insecticides and indoxacarb as compared with the 100% adult mortality in 
treatments of spinosad or λ-cyhalothrin. Compared with the control (Water treated), ingestion 
of azadirachtin-based insecticides greatly reduced parasitism by 50–57%, and BT insecticides 
by 8–25%. But due to the ingestion of these insecticides there was no affect on the longevity 
of male and female parasitoid adults with one exception; female longevity was significantly 
decreased in the indoxacarb treatment. Insecticide residues caused substantial mortality of P. 
xylostella adults, 39 and 44% mortality induced by 10 days old indoxacarb and λ-cyhalothrin, 
respectively, and 24 and 0% mortality caused by 7 and 10 days old residues of spinosad, 
respectively. 
Haseeb et al. (2005) tested six insecticides for its mortality against the immature 
(pupae) and mature (adult) stages of Diadegma semiclausum and Oomyzus sokolowskii 
parasitoids of the P. xylostella. Effects of direct spraying of the 6 selected insecticides on 
emergence of parasitoids were found insignificant on both species of the parasitoids apart 
from permethrin which caused about 37.5% mortality. After 24 hours of the exposure to 
chlorfenapyr, Emamectin Benzoate and permethrin, all adults of both parasitoid species died 
whereas in contrast, the three insect growth regulators (IGRs), chlorfluazuron, flufenoxuron 
and teflubenzuron, were found harmless to both parasitoids species and adult mortality was 
recorded 0-16.7%. However, parasitism rate of both the female parasitoid species was heavily 
impaired when they were offered the three Insect Growth Regulators diluted solutions for 24 
hours. Oral toxicities outcome of the IGRs on longevity of both parasitoids after 12 hours 
exposure were found significantly diverse between males and females of the parasitoids. 
Uthamasamy et al. (2011) reported that the population of P. xylostella highly affected 
and influenced by the abiotic factors of the environment including temperature, rainfall and 
humidity. The population of P. xylostella increased significantly from September to October 
and then from March to April. The second and third instar larvae of P. xylostella were 
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naturally parasitized by C. plutellae (Kurdy) and D. semiclausam (Hellen) in plain and 
highland areas, respectively. 
Bopape et al. (2014) studied the direct impact of broad-spectrum insecticides on 
primary parasitoids of P. xylostella. Weekly and bi-weekly application regimes of a selective 
insecticide (Dipel®) and a broad-spectrum insecticide (dichlorvos) on parasitism rates of P. 
xylostella and species richness of its primary parasitoids against untreated control for two 
cropping seasons was compared. Parasitoids were reared from immature P. xylostella in all 
treatments and it was concluded that parasitism rates were not significantly different among 
the selected insecticides treatments. During October to December 2011, four species of 
primary parasitic Hymenoptera [Cotesia vestalis (Haliday) (Braconidae), Apanteles halfordi 
(Braconidae), O. sokolowskii (Eulophidae), and D. collaris (Ichneumonidae)] were reared 
from P. xylostella larvae and pupae, whereas three parasitoid species including C. vestalis, O. 
sokolowskii and D. collaris were reared during from March to May 2012. Cotesia vestalis 
documented for >80% of the total parasitism rates in all the selected treatments. Parasitoid 
species richness was highest on the control treatment in both seasons. Although two parasitoid 
species were recorded on all Dipel® and dichlorvos treatments during October–December 
2011 but only one parasitoid species was reported on Dipel® treatments during March to May 
2012 as compared to other two species on dichlorvos treatments. It was therefore, concluded 
that insecticide application regime had no influence on parasitoid species richness and the 
influence was only registered for the type of pesticides. As P. xylostella infestations were 
greatly lower in Dipel® treatments, therefore, on the basis of this research a greater impact of 
a selective insecticide on the pest population density can affect parasitoid species richness 
other than the direct influence of a broad-spectrum insecticide with a short crop residual 
period. 
 
4.2.3 Intercropping and P. xylostella 
 
Buranday and Raros (1973) reported the earliest achievements of P. xylostella 
management in crucifer crops through intercropping of cabbages with tomato. The tomato 
plant contains a volatile compound that acts as a repellent and thus adversely affect the 
oviposition of P. xylostella resulted into less population and infestation. 
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Dover (1986) reported that intercropping of the brassica crop with while clover 
resulting in condensed oviposition by P. xylostella. The dill and garlic have also been reported 
to act as repellent against P. xylostella. 
Theunissen (1994) stated that intercropping various crop plants with flowering species 
such as clovers can also provide a favourable habitat for a variety of useful insects that may 
not otherwise survive in a sole crop environment, and hence intercropping may provide 
natural pest management by maximizing the density and richness of insect natural enemies in 
the agro-ecosystem. 
Khan et al. (1997) stated that comparative experiments were conducted by using 
molasses grass, growing this as a one-to-one intercrop without changing the maize row 
spacing. The result obtained in term of the reduction in stem borer damage was even more 
dramatic as damaged of this pest reduced from 39.2 to 4.6 percent.  
Uma et al. (2005) studied the impacts of intercropping with cauliflower during 2000 to 
2002 for density of larval population of P. xylostella at Varanasi, India. Cauliflower vegetable 
was intercropped with two rows of tomato, mustard and coriander after every ten rows and the 
three diverse cropping patterns of the above intercrops were evaluated for their effectiveness. 
Finding exhibited that cauliflower when intercropped with coriander sheltered significantly 
less P. xylostella larvae when compared to tomato and mustard intercrop in both years of the 
research. Interaction analysis between intercrops and their cropping pattern evidently 
illustrated the greater deviation in P. xylostella larval population when cauliflower was 
intercropped with coriander having cropping pattern of 1st row of intercrop grow 15 days prior 
and 2nd row 15 days after the transplantation of main crop.  
Asare-Bediako et al. (2010) conducted a research to evaluate the effectiveness of 
intercropping cabbage with non-host crops for minimizing the effect of the P. xylostella on 
cabbage. RCB Design with five treatments and four replications was used. The treatments 
combination were cabbage-tomato intercrop, cabbage-pepper intercrop, cabbage-onion 
intercrop and pure cabbage stand sprayed with chlorpyrifos (Dursban ®) and a pure cabbage 
stand that was not sprayed (control). Data were recorded as on plant height, P. xylostella 
population per plant, leaf damage, plant head damage and plant head weight. Cabbage plants 
intercropped or sprayed with chlorpyrifos against the P. xylostella accounted significantly 
higher growth and yield and less damage by pest as compared to the control cabbage crops. 
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Intercropping cabbage with onion, tomato or pepper was found to be as effective as spraying 
the cabbage with chlorpyrifos for the management of P. xylostella. Cabbage intercropped with 
onion and tomato produced lower leaf and head damage and higher yield was obtained as 
compared with pepper.  
Cail et al. (2011) studied the effects of intercropping on the growth and development 
of the P. xylostella for over 5 generations in a laboratory in China. The treatments consisted 
of  intercropping Chinese cabbage (Brassica chinensis) with garlic  and  lettuce  (Lactuca  
sativa)  and  the monoculture of Chinese  cabbage  as  control.  It was demonstrated that the  
larval  stage  was  significantly  longer  for  the  intercropping  treatments  compared  to  
control. Intercropping also affected pupal  weight  but  not  the  percentage  of  larvae  
population.  Pupae tended to be 10  to 15%  bigger  in  the  intercropping  for  three of  the  
five tested generations. The increase in size, pupal mortality was greatly higher with 
intercropping. It was concluded that intercropping suppress the P. xylostella populations in a 
long period rather than in a short term. 
Ahmad and Ansari (2013) reported that a field research was carried out to obtain the 
effective intercrop for the management of P. xylostella in cauliflower. The cauliflower crop 
was intercropped with radish (Raphanus sativus L.), carrot (Daucus carota L.), tomato 
(Lycopersicon esculentum Mill), garlic (Allium sativum L.), cumin (Cuminum cyminum L.), 
fennel (Foeniculum vulgare), coriander (Coriandrum sativum L.), lucerne (Trifolium 
alexandrium), marigold (Tagetes tagetta) and cauliflower (sole) plants in relation to spacing 
of sole crop and lines of cauliflower and intercrops for two cropping seasons during the year 
2004 and 2005. 15:2 ratio of cauliflower with intercrop was significantly most effective in 
reducing the P. xylostella. 55 x 35 cm spacing of cauliflower hold more population of P. 
xylostella than 60 x 45 cm. Cauliflower intercropped with tomato at a ratio of 15:2 was highly 
efficient as compared to other intercrop tested. Availability of the parasites, C. plutellae 
and O. sokolowskii in cauliflower intercropped with garlic, cumin, fennel and coriander is 
significantly higher as compared to radish, carrot and Lucerne but lower than tomato. 
Perveen and Khan (2013) studied five Integrated Pest Management (IPM) techniques 
and then compared them with the control for the management of P. xylostella in Pakistan. 
RCB Design was used for carrying out experiments having three replications. Coriander was 
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used as intercropping, Lorsban was selected for chemicals control, for neem seeds extract and 
oil, Azadirachta indica and for biological control, Trichogramma chilonis Ishii were selected 
and used. The P. xylostella population density elevated with increased of temperature, 
therefore, it was the highest (31.0±0.2 larvae/plant; n=6) at the maximum temperature, i.e., 35 
oC in 4th week. No parasitism was recorded until 2nd week, however, the highest (47%) was 
during 7th week, moreover, it was 5% at the end of 8th week (n=6).  During parasitization, the 
P. xylostella population density was 23.8±2.6; yet, mummies and adult parasitoids were 
3.1±1.4, moreover, mean parasitism was 13.0±1.7. The actual lowest P. xylostella density was 
compared, attained by the use of 5 IPM techniques (n=6): A. indica seeds extract (T3): 2.1 
larvae/plant in 8th week < chemicals control (T2): 3.5 larvae/plant in 1st week < biological 
control (T5): 4.7 larvae/plant in 5th week = intercropping (T1): 4.7 larvae/plant in 8th week 
<A. indica oil (T4): 6.6 larvae/plant > control (T0): 35.6 larvae/plant both in 1st week. The 
lowest yield of B. oleracea was achieved in control (2.9 ton/ha), however, the highest was by 
A. indica seeds extract (29.1 tons/ha). 
 
4.2.4 Individual and synchronized effect of pesticides and intercropping for 
management of P. xylostella 
 
Josan A. and G. Singh (2000) stated that Lufenuron is a novel acylurea IGR that 
exercised significant sublethal impacts on the larvae, pupae and adults of the P. xylostella. 
The 2nd, 3rdand 4th instar were treated at their respective LCM using a standard 'leaf disc dip' 
method of bioassay. Sizes and weights of pupae from the treated lots were greatly decreased 
but larval and pupal length of duration remained unchanged. All the pupae formed from 
larvae treated as fourth instar were malformed and emerged zero adults. Only 38 and 14% of 
adults emerged from the pupae produced after the treatment at the second and third instar, 
respectively, as compared to 88–92% adult production in the controls. Some adults emerged 
from Lufenuron treatments had fringed and twisted wings affecting the normal flight. IGR 
treatment also resulted in significant reduction in fecundity (up to 10.2 eggs per female in 
comparison with 135.8 per female in the control) and the oviposition periods (up to 3.2 days 
in comparison to 7.8 days in the control). For the management of P. xylostella in the field, 
Lufenuron application on the basis of these finding is therefore, recommended. 
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Sathi et al. (2008) reported findings of a field experiment conducted during winter 
season 2002-03 and 2003-04 that demonstrated significant decrease of larval incidence of the 
P. xylostella through the synchronized interaction of pesticides and intercropping in 
comparison to their individual action. Substantial increase in the yield of cauliflower was also 
recorded. The reduction in the incidence of larvae population of P. xylostella per leaf and the 
subsequent augmentation in yield of the healthy marketable curds of cauliflower were found 
to be greatly higher when cauliflower was cultivated in combination with either the intercrop 
coriander or marigold complemented with foliar sprayings with either B.t.k. (Delpin ®) (WG) 
@ 750 g/ha, cypermethrin @ 65g a.i./ha and quinalphos @ 200 g a.i./ha which decreased to 
larval population of the pest as lower as 2.84, 2.77, 3.23 and 4.02, 3.90, 4.43 per leaf which in 
turn produced to the cauliflower yields as high as 169.29, 175.58, 162.58 q/ha (Yield of 
marketable curds per hectare) and 179.89, 193.41, 168.22 q/ha in the particular crop 
combinations, getting protection with the respective insecticides as equated with the same set 
of crop combinations left unprotected which produced comparatively significant larval 
population of P. xylostella (5.02 and 6.76 larvae/leaf) and lower cauliflower yield (138.48 and 
146.50 q/ha) in addition to that of sole crop of cauliflower treated with the respective 
insecticides applied in the respective order having relatively higher larval population (5.59, 
5.58 & 5.95 larvae/leaf) but gave maximum cauliflower production (181.55, 196.01 & 181.88 
q/ha) respectively. Nevertheless, the untreated sole crop experienced from more attack of 
larval population 13.20 per leaf consequential to the lowest yield of healthy curds of 
cauliflower (101.80 q/ha). 
 Furiatti et al. (2009) conducted studies to evaluate and validate the efficacy of the 
insect growth regulator, Lufenuron over Nezara viridula, considering the application of this 
insecticide used for controlling the velvet bean caterpillar (Anticarsia gemmatalis) and 
probably in contact with the plant bugs dwelling in the researched area. Under control lab 
conditions (25±2°C, 60±10% RH and 14 h of light), bioassay was carried out. The assay was 
conducted in glass tanks consisting of 10 insect pests and each contaminated via tarsus. The 
used treatments were: 0.0; 0.025; 0.0125; 0.00625; 0.003125; and 0.0015625% of Lufenuron. 
The mortality rate evaluation was performed after 24, 48 and 72 h after the insect was 
transferred to the recipients (fresh food). The counting data of live nymphs were submitted to 
analyses of variance and the deviations among the means were treated by Duncan test at 5%. 
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The treatments were reported efficient, which reached the minimum relative effectiveness of 
80% calculated through the Abbott formula. The lethal concentration causing 50% mortality 
(LC50) was measured through the probit analyses. It was concluded from this research that the 
Lufenuron concentration at 0.025% remained efficient after 24, 48 and 72 h following the 
tarsal contact and the 0.0125% concentration was efficient following 48 and 72 hours. The 
relative effectiveness of all treatments centered on Lufenuron increased with the passage of 
time. The 72 hours LC50 value was estimated as 0.00262%. 
Yong et al. (2013) conducted field research to evaluate the effects of intercropping of 
cabbage and garlic on the key pests and arthropod community in cabbage fields in spring. 
They concluded that intercropping garlic with the cabbage caused significant reduction of key 
pest occurrence such as Pieris rapae and Lipaphis erqsimi and also increase the diversity and 
the ratio of natural enemies to pests of arthropod community.  The mean population density of 
the major pests, P. rapae and L. erqsimi was reduced to 48.9% and 35.6% respectively and 
the average diversity index and the ratio of biological controlling agents to pests of arthropod 
community increased to 17.9% and 61.8% respectively in intercropping field (one line 
cabbage and one line garlic) compared with the monoculture field. It was therefore, concluded 
that intercropping of garlic with cabbage crop is fruitful to reduce the cabbage pest population 
and besides other benefits improve the methods of prevention. 
Daud et al. (2014) reported that P. xylostella is one of the major constraints for the 
profitable production of cabbage in Cameron Highlands, Malaysia. The reduction in cabbage 
production caused by P. xylostella sometime reached up to 80% and therefore, the farmers 
used broad-spectrum insecticides.  To reduce the pesticides, seven intercropping were 
checked with the cabbage for possible management of P. xylostella adult and larval 
population reduction. Seven treatments including onion, tomato, marigold, citronella grass 
and mosquito plants were used and the experiments were laid out in RCB Design. Finding of 
the research demonstrated that insignificant variations (P>0.05) were recorded among the 
larval and adult populations in all seven tested treatments as compared with the control. 
Moreover, adults and larvae of P. xylostella were negatively correlated with the temperature 
and rainfall factors. The results also indicated that a critical period of P. xylostella infestations 
was reported in the pre-heading stage (< 30 DAT). In terms of performance, mosquito plant 
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was reported to be the best treatment in term of insect pest repelling but contributed the 
lowest yield due to plant growth competition for resources and canopy. 
Debra and Misheck (2014) stated that cultural control method such as intercropping 
can be implemented for the reduction of pesticides problems caused by their indiscriminate 
use against insect pests. An experiment was conducted in Makonde District of Zimbabwe to 
the determe the efficacy of intercropping garlic and onion with cabbages to control the insect 
pest problem. RCB Design with five treatments and three replications was used. The five 
treatments included, cabbage intercropped with garlic within rows, cabbage intercropped with 
onion within rows, cabbage and onion intercropped within rows, cabbage and garlic 
intercropped within rows and sole cabbage. Data documented were on pest occurrence at 
physiological maturity, cabbage plants that survived three weeks after planting (WAP), 
number of the cabbage leaves damaged by the insect pests at 6 (WAP), cabbage head 
diameter and production of cabbages at physiological maturity. Intercropping cabbage greatly 
decreased the insect pest incidence, plant death after transplanting, leaf damage and enhanced 
cabbage yield as compared to the untreated sole cabbage crop. It was also determined that 
intercropping with either garlic or onion between the row was more effective than within the 
row intercropping with cabbages row at p<0.05. 
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4.3 MANAGEMENT OF P. XYLOSTELLA THROUGH SELECTED NOVEL 
SYNTHETIC AND MICROBIAL-BASED PESTICIDES 
 
4.3.1 MATERIALS AND METHODS 
 
4.3.1.1 Materials and methods for Effect of pesticides on P. xylostella 
 
Field experiments were carried out for two seasons to evaluate the efficacy and effect 
of selected novel and microbial-based synthetic insecticides against P. xylostella and their 
associated Natural Enemies during 2012 and 2013. The experiment was laid out in farmer’s 
field at District Haripur, Khyber Pakhtunkhwa. There were five treatments and each was 
replicated four times in Randomized Complete Block Design (RCBD). About 23 days old 
cauliflower (Shumaila variety) seedling were transplanted during the 1st week of July (7 July) 
in both years of the research in plot size 3.5 x 3.5 m with a row to row spacing of 66 cm and 
plant to plant within the row was 43 cm. Each plot had a density of forty (40) plants having 
five rows with eight (8) plants in each row. Plots were separated by one meter path between 
the experimental plots and two meter between the blocks. 
All the agronomic practices were exercised regularly to each experimental plot and 
treatments were implemented as per their company recommended dosage. The required 
volume of the spray was prepared at the time of their field’s application. The 1st spray of each 
insecticide was applied after one week of seedling transplantation to the experimental field 
(14th July) as the number of larvae reached the economic threshold level (ETL) e.i., 1.5 larvae 
per plant (Hasanshahi et al., 2013, Kirby and Slosser 1984; Alonso, 2005) and then 
subsequent spray of each treatment was done after three weeks (21 days) interval. A total of 
six sprays were applied during the whole crop season for P. xylostella management. All the 
sprays were applied using shoulder mounted knapsack sprayer. 
For data collection, five plants were randomly selected from each replication and post 
treatment counts in term of number of larvae and pupae per plant were made one day (after 24 
hours), seven days (1st week) and fourteen days (2nd week) after imposition of each spray of 
all the treatments. A total of three observations (counts) were documented per treatment 
spray. The same pattern of data collections was then followed for all the remaining five 
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insecticides sprays. To compare the treatment efficacy all synthetic insecticides (Table 4.1) 
and control (untreated) were maintained in the experiments. The infestation was recorded as 
mean numbers of larvae and pupae per cauliflower plant in each treatment and it was also 
correlated with the time interval.  
 
4.3.1.2 Statistical analysis for insecticides 
 
Experiment was laid out according to Randomized Completely Block Design (RCBD) 
with two factors and five replications and the data were statistically analyzed by using 
analysis of variance technique appropriate for RCB-Design (Steel and Torrie, 1980). By using 
a statistical software “Statistics 8.1®” version and the significant means were separated by 
Fisher’s Protected LSD test at alpha 0.05. Year 2012 and 2013 was also analysed for any 
variance by using a statistical software “Statistics 8.1®” version and the means were 
separated by Fisher’s Protected LSD test at alpha 0.05 
 
4.3.1.3 Abbott Formula (Determination of Biological Efficacy of selected Pesticides) 
 
Year wise mean infestation of P. xylostella per plant during each spray was calculated 
in all insecticides treated plots and means of the means were determined for their subsequent 
manipulation for the comparison of Biological Efficacy (Abbott, 1925) against the pest in 
treated and untreated (Sole) plots using the following formula. 
Percent (%) decrease over control=   
Where 
A= Pest infestation (numbers of larvae and pupae per plant) in control plots 
B= Pest infestation (numbers of larvae and pupae per plant) in treated plots 
 
 
4.3.1.4  Yield of cauliflower 
 
Cauliflower heads were harvested and yield of total heads per plot was recorded in 
Kilograms (Kg).  Yield was recorded as the mean weight of a plot treated with a treatment 
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during the year 2012 and 2013. Yields were compared with each other and untreated plots. 
Combine mean yield of plots treated with various treatments were calculated. Finally the 
percent gain and loss in yield were determined through the following formula; 
 
Gain in Yield (%)  = T-C × 100  
      C 
Loss in yield (%)  =  T-C × 100  
      T 
Where; 
T = Yield obtained from treated plot (protected plot) 
C = Yield obtained from Control plot (Unprotected)  
     
4.3.1.5 Studying the impacts of selected pesticides on P. xylostella parasitoids 
 
The effect of selected novel and microbial-based synthetic insecticides on larval 
parasitoid, Cotesia plutellae (Hymenoptera: Braconidae), larval/pupal parasitoid, Oomyzus 
sokolowskii (Hymenoptera: Chalcidae) and pupal parasitoid, Diadegma semiclausum 
(Hymenoptera: Ichneumonidae) were studied through collection of 3rd and 4th instars larvae 
and pupae and the possible emergence of natural enemies from control and treated plots. 
For determination of parasitism levels of the above mentioned natural enemies, five 
larvae (3rd and 4th instar) and five pupae of P. xylostella were collected after 48 hours from 
replicated plots of each treatment including the unrelated control plots and were reared under 
laboratory condition for possible emergence of the parasitoids. The collection of third and 
fourth instars larvae was based on the fact that parasitism rate accumulate over the larval 
instars, as all known P. xylostella larval parasitoids complete their larval growth once the host 
has reached the fourth instar (Nofemela and Kfir, 2005). The samples were taken to the 
Insectary (Haripur University- Entomology Department) where they were maintained at 28 ± 
2 °C, 65±5% RH and 14L:10D photoperiod in different rearing cages. The larvae were 
provided with sections of fresh cauliflower leaves and were replaced every second day till all 
collected larvae pupated or parasitoid pupae formed. After emergence of the parasitoids they 
were identified and their numbers were counted in each replication of the various treatment. 
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Parasitism rates were calculated as the percentage of emergent parasitoids out of totals 
samples. Larvae or pupae that were died of unknown causes were excluded from calculations 
of parasitism. 
4.3.1.6 Statistical Analysis for Natural Enemies 
 
Experiment was laid out according to Randomized Complete Block Design (RCBD) 
with two factors and four replications and the data were statistically analyzed by using 
analysis of variance technique appropriate for CRD-Design (Steel and Torrie, 1980) by using 
a statistical software “Statistics 8.1®” version and the significant means were separated by 
Fisher’s Protected LSD test at alpha 0.05. 
 
Table 4.1.  List of novel synthetic and microbial-based insecticides used for the 
management of P. xylostella 
 
Trade Name 
 
Concentration of 
Formulation (%) 
Active 
Ingredients  
Chemical Class Dosage 
(ml) 
Lufenuron ®   50 G/L (5% EC) Lufenuron IGR 200ml/Acre 
Arrivo ®  10% EC Cypermethrin Pyrethroids 250ml/Acre 
Steward ® 15.84% EC Indoxacarb  Bacterial origin 175ml/Acre 
Emamectin Benzoate ®   1.9% EC Avermectins  Biopesticides 200ml/Acre 
Control -------------- -------------- -------------- -------------- 
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4.3.2 RESULTS  
 
4.3.2.1 Effect of Pesticides on P. xylostella infestation after 1st spray 
 
Data regarding P. xylostella infestation after the 1st spray of various pesticides are 
shown in Table 4.2. Statistical analysis of the data indicated that various pesticides and 
interval dates significantly influenced the infestation of P. xylostella in cauliflower 
(Appendix-7). Pesticides interaction with interval effect is significant with the mean 
infestation of the insect pest. Year as a source of variance was found not significant for 
infestation of P. xylostella. Combined data showed that application of all pesticides 
considerably reduced infestation of P. xylostella compared to the control. Among the 
pesticides, Lufenuron significantly reduced the mean number of larvae and pupae per plant 
(0.69) followed by Steward (mean number of larvae and pupae = 0.95) and Emamectin 
Benzoate (mean number of larvae and pupae = 1.44). The highest infestation was recorded in 
Arrivo (1.44) in comparison with the Control (2.28). Emamectin Benzoate and Arrivo 
treatments were not significantly different from each other and were at par in term of P. 
xylostella population per plant. 
Table 4.2. Effect of different pesticides on P. xylostella infestation after 1st spray on 15th 
July. 
Pesticides (P) 
Data Interval (I) 
Mean  
Mean number of larvae and pupae 
24 Hours 1st Week 2nd Week 
Lufenuron 0.22 0.68 1.19 0.69 c 
Arrivo 1.13 1.59 2.21 1.64 b 
Steward 0.48 0.94 1.45 0.95 c 
Emamectin Benzoate 0.88 1.55 1.90 1.44 b 
Control 1.63 2.25 2.95 2.28 a 
Mean 0.9 c 1.4 b 1.9 a   
LSD 0.05 for Pesticides (P) 0.28   Year1 1.36 
LSD 0.05 for intervals (I) 0.22  Year 2 1.45 
LSD for P x I Significant   Significance 0.62NS 
 
NS: Non-significant 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
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In case of interval dates for recording the infestation, the P. xylostella infestation 
increased with the time interval and infestation reached to maximum (1.9) followed by the 
infestation recoded after 1st week (1.4) whereas the infestation was at minimum  after 24 
hours (0.9) of 1st spray of the pesticides on the cauliflower. The interaction between pesticides 
and interval showed that the infestation of P. xylostella increased with the time interval after 
1st spray; however Lufenuron and Steward were most effective in the reduction of infestation 
with time intervals as compared to other pesticides and control plots (Table 4.2). 
4.3.2.2 Effect of Pesticides on P. xylostella infestation after 2nd spray 
 
Data pertaining to P. xylostella infestation after the 2ndspray of various pesticides are 
shown in Table 4.3. Statistical analysis of the data demonstrated that the interaction between 
interval dates and various pesticides application are not significant (Appendix-8). Infestation 
in cauliflower is increased from an interval break of 24 hours to 2nd week after 2nd spray 
whereas various treatments has reduced the infestation at different level in both years of the 
research. Year as source of variance was found not significant (p ≥ 0.05) for infestation of P. 
xylostella. Combined data of years 2012 and 2013 showed that all pesticides had considerably 
reduced infestation of P. xylostella as compared to control. Maximum mean infestation was 
observed in control (4.63) followed by Arrivo (3.75), Emamectin Benzoate (3.25), Steward 
(2.29) and the minimum infestation of the P. xylostella was recorded for the Lufenuron (1.47). 
Statistical analysis demonstrated that all the treatments were significantly different from each 
other in controlling the population of P. xylostella in cauliflower however the Lufenuron 
proved the best in reducing the P. xylostella infestation.  
In case of interval dates for recording the infestation of P. xylostella, population 
increased with interval days and infestation reached to maximum (3.63) for the control and 
lowest (0.69) for Lufenuron after 24h of 2nd spray application. After first week of the 2nd 
spray, the highest infestation was observed for the plots remained untreated (4.00) followed 
by Arrivo (3.50) and minimum infestation was recorded for Lufenuron (1.44. Likewise, after 
second week of the spray, highest infestation was recorded for control plot (6.25) followed by 
Arrivo (5.25) and the minimum was observed for Lufenuron (2.28). Interval date greatly 
influenced the pest infestation and highest mean infestation (4.4) in all treatments were 
noticed after 2nd week of the second spray application followed by first week (2.8) and 24 
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hour (2.0). The interaction between pesticides and interval showed that the infestation of P. 
xylostella increased with the time interval after 2nd spray however Steward and Lufenuron 
were most effective in the reduction of infestation with time intervals as compared to other 
pesticides and control plots (Table 4.3).   
Table 4.3. Effect of different pesticides on P. xylostella infestation after 2nd spray on 5th 
August. 
 
Pesticides (P) 
Data Interval (I) 
Mean  
Mean number of larvae and pupae 
24 hours 1st week 2nd week 
Lufenuron 0.69 1.44 2.28 1.47 e 
Arrivo 2.50 3.50 5.25 3.75 b 
Steward 1.25 2.00 3.63 2.29 d 
Emamectin Benzoate 2.00 3.25 4.50 3.25 c 
Control 3.63 4.00 6.25 4.63 a 
Mean 2.0 c 2.8 b 4.4 a  
LSD0.05 for Pesticides (P) 0.45  Year1 2.93 
LSD0.05 for intervals (I) 0.35  Year 2 3.23 
LSD for P x I Highly significant  Significance 0.31NS 
 
NS: Non-significant 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.3.2.3 Effect of pesticides on P. xylostella infestation after 3rd spray 
 
Results obtained at different intervals after the application of various treatments are 
accumulated in the Table 4.4.  These gathered information after the application of 3rd spray 
elaborated that the infestation of P. xylostella increased significantly with the time interval 
and different pesticides had diverse effect on infestation level (Appendix-9). Statistical 
analysis of the gathered results demonstrated that the interaction between time and infestation 
was highly significant and mean infestation reached to maximum (5.7) during 2nd week of the 
3rd spray, followed by 1st week (4.5) and 24 hours (3.0) infestation. There was no significant 
difference observed between the years 2012 and 2013. Combined data of years 2012 and 2013 
98 
 
rendered that all treatments noticeably reduced infestation of P. xylostella as compared to 
control. Maximum mean infestation was observed in Arrivo (5.63) after control (8.17) 
followed by Emamectin Benzoate (4.54), Steward (2.31) and the minimum infestation of the 
P. xylostella was recorded for the Lufenuron (1.22). From the analysis of data it was 
concluded that Lufenuron was remarkable in reduction the P. xylostella infestation in the 
cauliflower fields after 3rd spray application (Table 4.4). 
Table 4.4 depicted that after the 3rd spray, the P. xylostella infestation increased with 
time interval and mean infestation reached to maximum for pesticide Arrivo (3.63) after the 
control (6.75) and the lowest (0.71) for Lufenuron after 24h of 3rd spray application. The 
highest infestation was observed for the plots remained untreated (8.00) and minimum 
infestation was recorded for Lufenuron (1.25) after first week of the 3rd spray. Likewise, in 
third observation during the 3rd spray, highest infestation was recorded for control plot (9.75) 
and the minimum was observed for Lufenuron (1.69). In both years, the interaction between 
interval dates and pesticides were highly significant. The interaction between Pesticides and 
interval showed that the infestation of P. xylostella increased with the time interval however 
Lufenuron followed by Steward were most effective in the reduction of infestation with time 
intervals as compared to other pesticides and control plots. 
Table 4.4. Effect of different pesticides on P. xylostella infestation after 3rd Spray on 
26th August. 
  
Pesticides (P) 
Data Interval (I) 
Mean 
Mean number of larvae and pupae 
24 Hours 1st Week 2nd Week 
Lufenuron 0.71 1.25 1.69 1.22 e 
Arrivo 3.63 6.00 7.25 5.63 b 
Steward 1.44 2.31 3.19 2.31 d 
Emamectin Benzoate 2.25 5.00 6.38 4.54 c 
Control 6.75 8.00 9.75 8.17 a 
Mean 3.0 c 4.5 b 5.7 a  
LSD0.05 for Pesticides (P) 0.46  Year1 4.22 
LSD0.05 for intervals (I) 0.36  Year 2 4.53 
LSD for P x I Highly significant  Significance 0.12NS 
 
NS: Non-significant 
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
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4.3.2.4 Effect of pesticides on P. xylostella infestation after 4th spray 
 
Table 4.5 showed that the infestation of P. xylostella increased significantly with the 
time interval. Similarly the effect of different treatments is tremendous in controlling the 
infestation of P. xylostella and different pesticides had depicted assorted results in the 
management of this insect pest. Results recapitulated had elucidated that the interaction 
between time span and mean infestation of P. xylostella was highly significant (Appendix-
10). The average number of larvae and pupae per cauliflower plant reached to maximum (7.2) 
during 2nd week of the 4th spray, followed by 1st week (5.7) and 24 hours (4.1) infestation. 
There was no significant difference recorded between the mean infestations of P. xylostella in 
2012 and 2013 when we considered year as source of variance. Combined data of the two 
years mean infestation divulged that all pesticides groups had perceptibly reduced P. 
xylostella infestation as compared to untreated plots. Maximum mean infestation was 
recorded in control (10.54) followed by Arrivo (6.67), Emamectin Benzoate (5.63), Steward 
(3.56) and the minimum infestation of the P. xylostella was recorded for the Lufenuron (1.92). 
Tabulated information made it obvious that among these selected pesticides for the 
management of P. xylostella Lufenuron was highly successful to suppress the pest as 
compared to other used treatments. Result obtained also exposed that the infestation of P. 
xylostella increased between 1st and 3rd observation after 24 hours and 15 days (2nd week) 
respectively of the 4th Spray. 1st observation taken after 24 hours, demonstrated that in control 
plot the infestation was maximum (10.25) and minimum in Lufenuron (0.81) whereas in 2nd 
observation taken after one week showed highest infestation in Arrivo (6.56) after sole plot 
(10.63) and lowest in Lufenuron (1.56) plots. On the same in 3rd observation during second 
week of the applying treatments, high infestation was recorded in control plot (10.75) and the 
minimum was observed in Lufenuron (3.38). In both years of data collection interval dates 
greatly influenced the pest infestation. Combined mean data of years 2012 and 2013 
illustrated that after data collection at various time interval the highest infestation (7.2) were 
noticed after 2nd week of the 4th spray application followed by 1st week (5.7) and 24 hour 
(4.1). The interaction between pesticides and interval showed that the infestation significantly 
increased with the time interval however Lufenuron was most effective in the reduction of 
infestation with time intervals as compared to other pesticides and control plots. 
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Table 4.5. Effect of different pesticides on P. xylostella infestation after 4th spray on 
16th September 
 
Pesticides (P) 
Data Interval (I) 
Mean 
Mean number of larvae and pupae 
24 Hours 1st Week 2nd Week 
Lufenuron 0.81 1.56 3.38 1.92 e 
Arrivo 4.38 6.56 9.06 6.67 b 
Steward 2.13 3.50 5.06 3.56 d 
Emamectin Benzoate 3.13 6.00 7.75 5.63 c 
Control 10.25 10.63 10.75 10.54 a 
Mean 4.1 c 5.7 b 7.2 a  
LSD0.05 for Pesticides (P) 0.41  Year1 5.50 
LSD0.05 for intervals (I) 0.32  Year 2 5.83 
LSD for P x I Highly significant  Significance 0.08 NS 
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.3.2.5  Effect of Pesticides on P. xylostella infestation after 5th spray 
 
P. xylostella larval and pupal population per plant after the 5th spray of various 
pesticides treatments showed that treatments and interval dates significantly influenced the 
infestation of P. xylostella in cauliflower and year as source of variance was found not 
significant (Appendix-11) Collective data for both years showed that the application of all 
pesticides considerably reduced infestation of P. xylostella vis-à-vis control. Among the 
pesticides, Lufenuron effectively reduced the infestation (1.44) followed by Steward (2.75) 
and Emamectin (4.17). The maximum mean infestation (5.06) was observed in Arrivo 
treatment after control (9.21). In case of interval dates for recording infestation, the P. 
xylostella population per plant increased with time interval and reached to maximum (5.5) in 
3rd observation (2nd week) followed by the infestation recoded after 1st week (4.4) whereas the 
infestation was minimum after 24 hours (3.6) of 5th spray. The interaction between pesticides 
and interval (P X I) was highly significant however Lufenuron and Steward were largely 
successful in the diminution of infestation of P. xylostella with time intervals in comparison 
with other treatments (Table 4.6).  
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Table 4.6. Effect of different pesticides on P. xylostella infestation after 5th spray on 
7th October.  
 
Pesticides (P) 
Data Interval (I) 
Mean 
Mean number of larvae and pupae 
24 Hours 1st Week 2nd Week 
Lufenuron 0.81 1.19 2.31 1.44 e 
Arrivo 3.50 4.94 6.75 5.06 b 
Steward 1.38 2.88 4.00 2.75 d 
Emamectin Benzoate 2.38 4.25 5.88 4.17 c 
Control 10.00 8.88 8.75 9.21 a 
Mean 3.6 c 4.4 b 5.5 a  
LSD0.05 for Pesticides (P) 0.44  Year1 4.38 
LSD0.05 for intervals (I) 0.34  Year 2 4.68 
LSD for P x I Highly significant  Significance 0.06 NS 
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.3.2.6 Effect of Pesticides on P. xylostella infestation after 6th spray 
 
Table 4.7 showed the P. xylostella population after the use of different treatments. 
There was no significant difference recorded between the mean infestations of P. xylostella in 
2012 and 2013 when we considered year as source of variance. Combined data of the two 
years mean infestation showed that all pesticides treatments markedly condensed P. xylostella 
population as compared to untreated plots (Appendix-12). Maximum mean infestation was 
observed in control (6.08) followed by Arrivo (3.38), Emamectin Benzoate (3.03) and 
Steward (2.00). The minimum infestation of the P. xylostella was recorded for the Lufenuron 
(1.22). Tabulated information made it obvious that among the used pesticides for the 
management of P. xylostella, Lufenuron and Steward were at par with each other to suppress 
the pest as compared to other used treatments. 
Result obtained also exposed that the infestation of P. xylostella increased from 1st 
data obtained after 24 hours of 6th Spray to last data recorded in 2nd week. In control plot 
during 1st observation (after 24 hours of the spray),  maximum population per plant was 
recorded in control (6.88) followed by Arrivo (2.38) and minimum in Lufenuron (0.56) 
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whereas in 2nd observation (after one week) the highest mean infestation (6.13) was recorded 
in control followed by Arrivo (3.75) and the lowest in Lufenuron (1.25). Likewise during the 
2nd week after the spray, the highest (5.25) was recorded in control and Arrivo (4.00) and the 
lowest (1.84) in Lufenuron. In both years of data collection time interval greatly influenced 
the pest infestation. Combined mean data of years 2012 and 2013 illustrated the mean number 
of larvae and pupae reached to maximum (3.5) during 2nd week of the 6th spray, followed by 
1st week (3.3) and 24 hours (2.6). The interaction between pesticides and interval showed that 
the infestation of P. xylostella increased with the time interval however Lufenuron was most 
efficient in controlling the population as compared to other pesticides (Table 4.7). 
 
Table 4.7. Effect of Different Pesticides on P. xylostella infestation after 6th Spray on 
28th October. 
 
Pesticides (P) 
Data Interval (I) 
Mean 
Mean number of larvae and pupae 
24 Hours 1st Week 2nd Week 
Lufenuron 0.56 1.25 1.84 1.22 d 
Arrivo 2.38 3.75 4.00 3.38 b 
Steward 1.25 2.13 2.63 2.00 c 
Emamectin Benzoate 1.88 3.19 4.00 3.02 b 
Control 6.88 6.13 5.25 6.08 a 
Mean 2.6 b 3.3 a 3.5 a  
LSD0.05 for Pesticides (P) 0.41  Year1 3.15 
LSD0.05 for intervals (I) 0.31  Year 2 3.13 
LSD for P x I Highly significant  Significance 0.92 NS 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.3.2.7 Abbott Formula (Biological Efficacy of the used pesticides against P. xylostella) 
 
Result summarized in Table 4.8 demonstrated that a total of six sprays of different 
pesticides including Lufenuron, Arrivo, Steward and Emamectin Benzoate along with control 
were applied for two consecutive years (2012 and 2013) during the whole crop season from 
June to November for the management of P. xylostella infestation in cauliflower. In both 
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years, during each spray three data (after 24 hours, 1st week and 2nd week) were recorded. 
Combine means of both years for each spray and every pesticide were accumulated and 
means of the means were calculated which were subsequently manipulated for the 
computation of Biological Efficacy of each treatment. Among the applied treatments, 
Lufenuron was significantly effective as compared to other treatments, showed 80.54 % 
biological efficiency against P. xylostella population management followed by Steward (B.E. 
66.12%) and Emamectin Benzoate with 46.10 % biological efficacy. The lowest biological 
efficacy was recorded in Arrivo (36.13%). Emamectin Benzoate, Steward and Lufenuron 
were 1.3fold, 1.8 fold and 2.2 fold respectively more active than Arrivo.  
Table 4.8. Summary Table: Biological Efficacy of Different Pesticides used for the 
Management of P. xylostella during the Year 2012 and 2013 
 
 
Treatment 1
st spray 
Mean 
2nd pray 
Mean 
3rd pray 
Mean 
4th pray 
Mean 
5th pray 
Mean 
6th pray 
Mean Mean 
B.E 
(%) 
Lufenuron 0.69 1.47 1.22 1.92 1.44 1.22 1.33 80.54 
Arrivo 1.64 3.75 5.63 6.67 5.06 3.38 4.36 36.13 
Steward 0.95 2.29 2.31 3.56 2.75 2.00 2.31 66.12 
Emamectin 1.44 3.25 4.54 5.63 4.17 3.02 3.68 46.10 
Control 2.28 4.63 8.17 10.54 9.21 6.08 6.82  
 
BE (%): Stand for ‘Percent Biological Efficacy’. It is also called Abbot Formula) 
Biological Efficacy =Infestation in Control Plot - infestation in Treated Plot *100/Infestation in Control Plot 
 
4.3.2.8 Yield of cauliflower marketable heads obtained from plots treated with different 
pesticides for the management of P. xylostella. 
 
The average yield of cauliflower, B. oleracea, per plot in Kilogram (Kg) during the 
year 2012 showed that the pesticides used had significantly reduced the P. xylostella 
population resulted into a significant difference in the yield recorded in different plots (Table 
4.9 and Appendix-13). The statistical analysis of the yield demonstrated that maximum 
average yield (50.83 Kg) per forty (40) plants was obtained from the plot (size 3x3 meters) 
treated with Lufenuron which was significantly different from all other treatments. The lowest 
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mean yield (28.20 Kg/plot) was recorded in the control plot followed by Arrivo (34.78 
Kg/plot), Emamectin Benzoate (41.05 Kg/plot) and Steward (47.68 Kg/plot). Likewise, in the 
subsequent year (2013), the highest average yield (50.10 kg) per plot was attained from the 
plots treated with Lufenuron, followed by Steward (45.93 Kg), Emamectin Benzoate (40.58 
Kg) and Arrivo (33.83 Kg) while the lowest yield (27.88 Kg) was documented for the control 
plot.  Statistical analysis of the mean yield data of both years  demonstrated that average yield 
obtained from different plot treated with different insecticides are significantly different from 
each other. Combined means of both years showed that Lufenuron significantly reduce the P. 
xylostella infestation and as a result the highest yield (50.46 Kg) per plot was obtained, 
followed by Steward (46.80 Kg), Emamectin Benzoate (40.81 Kg), Arrivo (34.30 Kg) and 
lowest yield (28.04 Kg) per plot was recorded in control plot. The highest yield gain in 
comparison with control was recorded in Lufenuron (79.96%) treated plot, followed by 
Steward (66.90%), Emamectin Benzoate (45.54%) and Arrivo (22.33%) (Table 4.9).  
Table 4.9. Average Yield (Kg) of Cauliflower treated with different insecticides 
during the year 2012 and 2013 
Pesticides (P) Average Yield 2012 
Average Yield 
2013 Mean 
Gain in Yield (%) 
over control 
Lufenuron 50.83 a 50.10 a 50.46 a 79.96 
Arrivo 34.78 d 33.83 d 34.30 d 22.33 
Steward 47.68 b 45.93 b 46.80 b 66.90 
Emamectin Benzoate 41.05 c 40.58 c 40.81 c 45.54 
Control 28.20 e 27.88 e 28.04 e  
LSD0.05 2.38 3.21 1.85  
Year Mean 40.51 39.66   
 
4.3.2.9 Effect of the used pesticides on larval and pupal parasitoids of P. xylostella 
 
 
The effects of insecticides, used for the management of P. xylostella were investigated 
during the year 2012 and 2013, after 48 hours of the application of various insecticides for the 
possible hazards on larval and pupal parasitoids Cotesia plutellae, Oomyzus sokolowskii and 
Diadegma semiclausum as shown in Table 4.10. The highest mean percent emergence 
(parasitisation) of (23.05%) in all the three parasitoids was recorded in the untreated plots of 
cauliflower followed by the chemical Lufenuron with a mean percent emergence of 21.81 
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percent which was at par with the control and there was no significant difference recorded 
between the untreated plots and Lufenuron treated plots on the mean percent emergence of 
parasitoids of P. xylostella. Steward was the second safe insecticides where the highest 
percent mean (17.01%) of all three parasitoids was documented after control and Lufenuron, 
whereas the lowest percent parasitism was reported in Arrivo (7.51%) followed by 
Emamectin Benzoate (13.68%). The highest percent emergence (23.5%) was recorded for the 
larval parasitoid C. plutellae followed by the larval pupal parasitoid, O. sokolowskii (17.38%). 
The lowest number of percent emergence was documented in D. semiclausum (8.96%). 
 
Table 4.10. Effects of insecticides on the percent mean emergence (parasitisation) of 
parasitoids C. plutellae, O. sokolowskii and D. semiclausum.  
 
Insecticides  
Larval and Pupal parasitoids of P. xylostella (%) 
Mean 
C.  plutellae O. sokolowskii D. semiclausum 
Lufenuron  30.42 22.71 12.29 21.81 a 
Arrivo  11.88 7.29 3.33 7.51  d 
Steward  22.92 17.71 10.42 17.01 b 
Emamectin Benzoate  20.00 15.21 5.83 13.68 c 
Control 32.29 23.96 12.92 23.05 a 
Mean  23.5 a 17.38 b 8.96 c  
LSD Natural Enemies (N. E) 1.49 
LSD for Insecticides (I) 1.92 
LSD Interaction I  X  N. E. Highly significant 
 
Figure 4.1 illustrated the overall percent emergence of the parasitoids in each 
pesticides treated plot. The highest percent parasitoids emergence (69.17%) was recorded in 
the control plots, followed by the Lufenuron treated plots (65.42%). The standard error bar 
indicated that there was no significant difference between untreated control plots and 
Lufenuron plot. A percent emergence 51.04 was recorded the Steward, followed by 
Emamectin Benzoate (41.04%) whereas the lowest percentage of the parasitoids emergence 
(22.50%) was recorded in the plots treated with the Arrivo (Cypermethrin). Steward and 
Emamectin Benzoate were at par with each other and no significant difference was recorded 
in percent emergence of parasitoids. Influence of insecticides in term of minimum or zero 
hazards on parasitoids (Natural enemies) of P. xylostella was found in order of: Sole crops of 
106 
 
cauliflower (untreated) ˃cauliflower treated with Lufenuron ˃ cauliflower treated with 
Steward ˃ cauliflower treated with Emamectin Benzoate ˃cauliflower treated with Arrivo. 
Figure 4.1. Influence of insecticides on the percent population emergence of P. 
xylostella parasitoids (C. plutellae, O. sokolowskii and D. semiclausum). 
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4.3.3 DISCUSSION 
 
4.3.3.1 Effect on the population of P. xylostella after the application of various 
insecticides treatments (sprays) 
 
Historically the mainstay of control of P. xylostella has been the use of synthetic 
insecticides. Use of insecticides in this study significantly reduced P. xylostella moth 
populations during the whole crop season and head cauliflower. All insecticides treatments, 
except Arrivo (10% EC), were effective in reducing the larval and pupal population of P. 
xylostella when compared to control plots.  
Field experiments with cauliflowers were carried out for two seasons to evaluate the 
efficacy different insecticides against, P. xylostella from June to November in 2012 and 2013.  
These insecticides were included Lufenuron (IGR, 5% EC, 200ml/Acre), Arrivo (Pyrethroid, 
10% EC, 250ml/Acre), Steward (Indoxacarb 15.84% EC, 175ml/Acre) and Emamectin 
Benzoate (Avermectines, 1.9% EC, 200ml/Acre). The experiment was laid out in farmer’s 
field, District Haripur, Khyber Pakhtunkhwa. After transplanting of the 23 days old seedlings 
of cauliflower to the field, observations were recorded. During first week of transplanting, the 
larvae recorded per plant was below threshold level therefore, spray was initiated during the 
second week  as the mean population reached about 1.5 larvae per plant which is the 
economic threshold level (ETL) for P. xylostella and subsequent sprays were taken up at 
21days interval. Hasanshahi et al. (2013) reported that if density exceeds 0.3 larvae per plant 
control must be started.  Likewise, if the population of larvae per plant before flowering is 
more than 0.2 and after flowering more than 0.5 per plant, measured are required to be taken 
to fight this pest (Kirby and Slosser, 1984; Alonso, 2005). During the year 2012 in the whole 
cropping season (June to November) a total of six sprays were initiated and during each spray 
three data were taken after 24 hours of the spray, in 1st week and 2nd week. The numbers of 
larvae and pupae per plant were recorded. Similarly the same procedure of pesticides 
applications and data collection were repeated. Simon (2009) studied the biochemistry of 
various pesticides reported that exposed insects to pesticides stop eating immediately after 
spray and it take about one to two days to die, therefore, data was recorded after 24 hours of 
the insecticides application.  
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During the year 2012 and 2013, the mean population recorded per plant demonstrated 
that the lowest mean infestation (1.33 larvae and pupae per plant) in the total crop duration 
was recorded in the treatment Lufenuron and average population per spray were calculated as 
0.69, 1.47, 1.22, 1.92, 1.44, 1.22 and 1.33 during 1st, 2nd, 3rd, 4th, 5th and 6th sprays 
respectively and thus Lufenuron emerged as the best insecticides in the selected treatments to 
contain the P. xylostella in the cauliflower. Syed et al. (2004) confirmed these finding and 
reported that after spraying Lufenuron in the field against P. xylostella, a mean population of 
1.86 were recorded per plant in the treated plots. Shakthi et al. (2003) used pesticides in field 
confirmed our finding and reported that among the chemicals tested, Lufenuron (5% EC) @ 
30 and 40 g a.i./ha was come across to be the most effective one on P. xylostella . 
Harishkumar and Jaglan (2005) reported that the novaluron (IGR) was more effective in 
comparison with other six pesticides used against P. xylostella reported a larval mortality in 
early instars ranged from 30 to 100% and late instar ranged from 16 to 100%. Kulkarni (2001) 
stated that two sprays of the IGR (Novaluron 10 EC) was found to be a good alternative for 8-
15 sprays of insecticides to effectively manage the P. xylostella infestation and with a better 
cost benefit ratio. Ong and Ng (1988) reported that insect growth regulator (diflubenzuron) at 
a weekly interval application were highly effective to reduce P. xylostella larval population. 
Steward was transpired as the second best pesticide in curtailing the P. xylostella 
population. Mean population recorded per plant were 0.95, 2.29, 2.31, 3.56, 2.75 and 2.00 
after 1st, 2nd, 3rd, 4th, 5th, and 6th sprays respectively during 2012 and 2013. Steward was 
followed by Emamectin Benzoate with a mean population of 3.68 per plant. These result are 
confirmed by Ismail et al. (2012) who studied the toxicity of Indoxacarb (Steward), Spinosad 
and Abamectin (Fungicides-Emamectin) against P. xylostella on cabbages demonstrated that 
Steward insecticide was the most effective one on the larval mortality followed by Spinosad 
and the lowest mortality was recorded in Emamectin Benzoate (Abamectin). He also reported 
that Steward was very effective which after 24 hours caused about 50% larval mortality to P. 
xylostella.  
Our result elucidated that Steward and Lufenuron was at par with each other and were 
the most successful pesticides among the four and were also remain persistent. These are in 
close conformity with the finding of Srinivas et al. (2003) who reported that Indoxacarb 
(Steward) could remain active for long times and P. xylostella could not developed resistance 
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because of its unique mode of action. Khaliq et al. (2007) studied the effects of pyrethroids, 
organophosphates and new chemistry pesticides (Indoxacarb, Emamectin and spinosad) 
against P. xylostella in Pakistan and reported that pyrethroids and organophosphates 
compounds were not toxic whereas the Indoxacarb and Emamectin were significantly 
effective to curtail infestation. 
The highest infestation per plant was recorded in control (6.82) during the year 2012 
and 2013 followed by Arrivo 4.36. In Arrivo spray-wise mean population per plant recorded 
were 1.64 (1st spray), 3.75 (2nd spray), 5.63 (3rd spray), 6.67 (4th spray), 5.06 (5th spray) and 
3.38 (6th spray). Sayyed et al. (2005a,b) reported that due to the extensive application of 
pyrethroids against P. xylostella, resulted into highly favorable condition for resistance 
development. Talekar (1992) reported that there is a high level of resistance in P. xylostella 
against pyrethroids also reported by many researchers. Sun (1992) demonstrated that main 
mechanism involved in pyrethroids resistance by P. xylostella is detoxification by mixed 
function oxidases (mfo) whereas Miyata et al. (1992) stated that occurrence of reduced 
nervous sensitivity to pyrethroids are indirect causes of high infestation in pyrethroids 
insecticides. Khaliq et al. (2007) demonstrated that the toxicity of pyrethroids tested against 
P. xylostella was significantly lower for field populations and said that it could be the 
evolution of multiple resistance mechanism in P. xylostella. In North America (Shelton and 
Wyman 1990) studied the impacts of pyrethroids on P. xylostella reported that the insect has 
developed more than 100 fold resistant to the pyrethroids group. 
During this research it was recorded that Lufenuron was most effective in suppressing 
the population immediately after application and the outcome was perpetual till the last data 
recorded (Time interval), followed by Steward, Emamectin Benzoate and Arrivo. Lufenuron 
activity persisted infield for at least 2 weeks after the spray (Navarro-Llopis, et al., 2004). 
Harishkumar and Jaglan (2005) reported similar results and confirmed that the IGR 
Novaluron is a persistent pesticide in killing the P. xylostella up to more than seven days. The 
IGR cascade @ 40g/ha (a.i) was found superior than fenverlerte, padan and Delfin® in 
controlling P. xylostella population at 3.7 and 10 days after application (Thambe et al., 1997). 
In this study, efficacy of pesticides were found to be in order of cauliflower treated with 
Lufenuron ˃ cauliflower treated with Steward ˃ cauliflower treated with Emamectin Benzoate 
˃ cauliflower treated with Arrivo ˃cauliflower grown alone in term of suppression of larvae 
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and pupae of P. xylostella in the experimental field. Novaluron (IGR) was found highly 
effective to maintained P. xylostella population and recorded a larval mortality of about 85.24 
and 85.30 per cent after 72 hours and 120 hours of its application in the field respectively 
(Hadapad et al., 2001). Syed et al. (2004) studied the efficacy of different insecticides 
including Lufenuron, Spinosad, and B. thuringiensis under field conditions against P. 
xylostella at Tando Allhayar, District Hyderabad. He confirmed our finding and reported that 
Lufenuron was the most effective against the infestation of P. xylostella after 1st and 2nd 
sprays in term of observations taken after 96 hours and seven days interval when applied.  
 
4.3.3.2 Abbott Formula (Biological Efficacy of the used pesticides against P. xylostella) 
 
For the management of P. xylostella infestation in cauliflower field at District Haripur, 
six sprays of each Lufenuron, Arrivo, Steward, and Emamectin Benzoate were applied per 
season for two seasons during the years 2012 and 2013. The highest biological efficacy (80.54 
%) against P. xylostella mean infestation was recorded in Lufenuron, followed by Steward 
with a biological efficacy of 66.12%. The lowest biological efficacy (36.13%) against P. 
xylostella was documented in Arrivo which was followed by Emamectin Benzoate with a 
biological efficacy of 46.10%. Similar results were reported by Shi et al. (2004) by using 
Insect Growth Regulator (Chlorfluazuron) insecticide for the management of P. xylostella 
larvae in lab and reported about 95% larval mortality. Shi et al. (2004) studied various 
insecticides against P. xylostella and documented over 95% larval mortality caused by the 
IGR (Chlorfluazuron). Navarro-Llopis, et al. (2004) studied the impacts of Lufenuron on 
medfly population and reported 80.4% mortality in the sprayed field. Babu et al. (2002) 
concluded from their research that Lufenuron (Indoxacarb) was found most reducing larval 
population of P. xylostella and increasing yield, followed by emamectine under field 
experiments. Ismail et al. (2012) studied the effect of selected insecticides on P. xylostella 
reported 60% biological efficacy of Steward (Indoxacarb). Bhavani and Punnaiah (2004) 
found through their research that Lufenuron was best pesticides in reducing population of P. 
xylostella in the field and maximum yield were obtained from its treated field. Dhumale et al. 
(2009) studied the impacts of pyrethroids on P. xylostella reported that low efficacy of 
pyrethroids to control P. xylostella because of the development of resistance to all pesticides 
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of this group. Kumar and Devappa (2006) conducted field experiments to manage P. 
xylostella through various chemical demonstrated that after studying the bio-efficacy of these 
insecticides, emamectine benzoate  (5% SG) was reported to be effective in reducing the 
larval population and resulted into increase in yield over the control. 
 
4.3.3.3 Yield of cauliflower obtained from plots treated with different pesticides for the 
management of P. xylostella 
 
The highest yield (50.46) per plot (40 plants) in Kilogram was recorded in 
experimental field treated with Lufenuron, followed by Steward treated plot (46.80), 
Emamectin Benzoate (40.81) and Arrivo (34.30) whereas the lowest yield was documented in 
control plot (28.04). The yield data clearly support treatments effects on the population 
management by these insecticides. As Lufenuron was the most effective pesticides to curtail 
infestation of P. xylostella therefore, the highest yield was measured in Lufenuron plots 
followed by Steward, Emamectin Benzoate, Arrivo and control. The maximum gain in yield 
was recorded in plots treated with Lufenuron over the control as (79.96%) followed by 
Steward (66.90%) and Emamectin Benzoate (45.54%) whereas the lowest gain was recorded 
in plots treated with Arrivo (22.33%). Krishnamoorthy (2004) documented that the infestation 
of P. xylostella causes 52% yield loss on cabbage plant. According to Abro et al. (1994) P. 
xylostella cause nearly 100% losses in the production of the cabbage in Pakistan. Verkerk and 
Wright (1996) reported 90% in vegetables while Walen (2002) reported 60% losses in the 
yield. The lowest yield in Arrivo was due to the highest infestation recorded in this treatment 
after control. As it was reported that there is a multi level resistance developed against this 
group in P. xylostella resulted into low yield in comparison with other insecticides. Joia and 
Uddean (1996) studied the toxicity of various insecticides in vegetable growing areas of 
Punjab against P. xylostella reported that this insects has developed 2800 to 2700 times more 
resistance to pyrethroids. These reports are also confirmed by Vasrad and Lingappa (2004), 
Lal and Kumar (2004) and Cheng and Kang (1997). 
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4.3.3.4 Effect of the used pesticides on larval and pupal parasitoids of P. xylostella 
 
The adverse effects of selected novel and microbial-based synthetic insecticides on the 
larval and pupal parasitoids of P. xylostella were also investigated. Three parasitoids, Cotesia 
plutellae (Hymenoptera: Braconidae), Oomyzus sokolowskii (Hymenoptera: Chalcidae) and 
Diadegma semiclausum (Hymenoptera: Ichneumonidae) emergence was recorded from 
samples of larvae and pupae collected from treated and untreated plants after 48 hours of the 
respective pesticides application from each cauliflower plot. The highest percent and mean 
emergence of parasitoids (69.17% and Mean, 23.05) was recorded in control (untreated plots) 
which was at par with the Lufenuron treated plots (65.42%, and Mean: 21.81). The second 
best treatment that was found not harmful for parasitoids was Steward where a percent 
emergence of 51.04 was recorded with a mean number of 17.01, followed by Emamectin 
Benzoate (41.04 % and Mean: 13.68). The lowest percent and mean emergence (22.50% and 
Mean: 7.5) was recorded in Arrivo (Cypermethrin: pyrethroids) indicated that Arrivo is the 
most harmful pesticides for the parasitoids, C. plutellae, O. sokolowskii and D. semiclausum. 
Lufenuron was recorded as the safest insecticide for the parasitoids of P. xylostella followed 
by Steward and Emamectin Benzoate. These finding of our research are in close conformity 
with the studies of Hill and Foster (2000) and Haseeb et al. (2005) reported that while 
studying the side effect of different pesticides against the parasitoids, C. plutellae and O. 
sokolowskii, insect growth regulator (IGRs) have shown low toxicity. Javaid et al. (1999) 
stated that insect growth regulator (Lufenuron) is more specific against various lepidopterous 
insect pests and had little effect on the natural enemies than the synthetic pyrethroids. Bull et 
al. (1983) reported that IGR-Lufenuron tested against predator ladybird beetles resulted that it 
is less harmful to predators and the IGR diflubenzuron had little adverse effect on populations 
of beneficial species associated with cotton. 
In our finding C. plutellae was reported to dominant parasitoids in Lufenuron 
treatment responsible for over 32.42% parasitisation as compared to 22.71% by O. 
sokolowskii and 12.29% by D. semiclausum. Haseeb et al. (2001) reported that in Japan, field 
parasitism of P. xylostella ranges from 18 to 83%. C. plutellae is a solitary and host specific 
larval endoparasitoid of P. xylostella (Verkerk and Wright, 1996). Waladde et al. (2001) 
reported that C. plutellae was active around the year in South Africa and accounting for 30-
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50% parasitism of P. xylostella and under pesticides free conditions, the parasitism rate reach 
to as high as 90-95%. Johnson et al. (1988) reported that in Hawaii, C. plutellae was the 
governing parasitoid species on cabbage and other crucifer vegetables. Liu et al. (2000) 
documented that in China, C. plutellae and O. sokolowskii are considered the most 
predominant parasitoids of P. xylostella. Cotesia and Diadegma spp. were reported to be 
responsible for over 90% parasitism of P. xylostella in Ethiopia (Ayalew et al., 2004). O. 
sokolowskii is a larval and pupal endoparasitoid commonly found in China (Liu et al., 2000), 
Pakistan and India (Kirk et al., 2004; Smith and Villet, 2004). In South Africa it was reported 
that Diadegma mollipla, C. plutellae, D. collaris and O. sokolowskii were major parasitoids of 
P. xylostella and parasitism rates ranged from 10-80% round the year (Smith and Villet, 
2004). Mushtaq and Mohyuddin (1995) reported that the larval parasitoid, C. plutellae is 
distributed from an altitude of 5 meters in Karachi to 1660 meters in Quetta in Pakistan and a 
parasitism rate of 57.2% was recorded in the cruciferous crop, turnip fields in Hyderabad with 
an altitude of 770 meters. 
Steward (Indoxacarb) was the second best pesticides with a percent parasitism of 
22.92% by C. plutellae. Anonymous (1998) reported that Steward was designated as a 
reduced-risk product by the Environmental Protection Agency (EPA) of the United States 
(US) and it was reported that Indoxacarb has no detrimental effects on hymenopterous 
parasitoids including Aphidius spp., Cotesia sp., Braconid spp., Microplitis spp., and 
Trichogramma spp, hemipteran predators (Geocoris spp., Orius spp., and Nabis spp) 
(Ruberson and Tillman, 1999; Studebaker and Kring, 1999). Contrary to our finding, Haseeb 
et al. (2004) reported that laboratory aged leaf residue of the Indoxacarb (Steward) are toxic 
to C. plutellae adults. 
 
4.3.4  CONCLUSIONS  
  
• Lufenuron was found to be the most effective and economical pesticide for the control 
of larval and pupal population of P. xylostella due to its persistence for long duration 
and therefore, would require less numbers of sprays per crop compared to other 
pesticides.  
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• Lufenuron was recorded with high biological efficacy and maximum yield of 
cauliflowers. Similarly it was also found greatly safe for the larval parasitoid, C. 
plutellae, O. sokolowskii and D. semiclausum and therefore, this pesticide is 
recommended to be used for the management of this pest. 
 
• In Pakistan particularly in district Haripur, cruciferous particularly cauliflower crops 
grown throughout the years and thus P. xylostella receive a constant exposure to 
pesticides, therefore, pyrethroids use may be reduced to avoid resistance development 
and pyrethroids may be replaced with pesticides such as Lufenuron (IGR), Steward 
(Indoxacarb) and Emamectin Benzoate. 
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4.4 MANAGEMENT OF P. XYLOSTELLA THROUGH INTERCROPPING WITH 
CAULIFLOWER 
 
4.4.1 MATERIALS AND METHODS 
 
To evaluate the effects of intercropping with cauliflower on the numbers of larvae and 
pupae per plant, field trial were carried out in farmer’s field, District Haripur Khyber 
Pakhtunkhwa during the year 2012 and 2013 from June to November. The experimental 
procedure of Buranday and Raros (1973) and Sivapragasam et al. (1982) with some necessary 
modification were adopted. 
Five treatments (Table 4.11) were used and each was replicated four times with 
cauliflower in the experimental field using Randomized Complete Block Design (RCBD). 
Each plot size was 3.5 x 3.5 meters, consisted of five rows (four rows for cauliflower and one 
for intercropping) and each row of cauliflower was comprised of ten plants.  Row to row 
distance was 66 cm and plant to plant within the row 35 cm. Cauliflower seedlings (Shumaila 
variety-Syngenta Company) was transplanted in the field during the first week of July in both 
years. For intercropping with Cauliflower, strip intercropping method was used in which one 
intercrop row was grown between four rows of cauliflower (two rows of cauliflower on each 
side of the intercrop) and their influence on the infestation were recorded in term of 
measuring the mean numbers of larvae and pupae per cauliflower plant in each treatment. 
Tomato (Early crop) and chilli seedlings were transplanted on 23rd June in the experimental 
plots, 15 days prior to cauliflower whereas garlic and coriander were grown on 27th June in 
the plots 10 days before cauliflowers seedlings transplantation. All the standard agronomics 
practices were applied in each plot of cauliflower + intercropped. The used intercropped were 
remained in the experimental plots till the head’s harvest of all cauliflower plants in 
November. For data collection on weekly basis, five cauliflowers plants in each replicated 
plot were randomly selected and the number of larvae and pupae per plant were counted and 
mean number per plant was estimated for determining the effect of intercrops on the 
population of P. xylostella in each treatment. The mean larval and pupal population of P. 
xylostella was also correlated with the time interval. 
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For getting yield data, cauliflower heads were harvested and yield in Kilograms (Kg) 
of total heads per plot was recorded. Yield data was compared with each other and untreated 
control plot. Average (mean) of the two years results were pooled together to draw the final 
conclusion. Total of all the harvested marketable heads of cauliflower were considered for 
statistical analysis based on yield obtained from two years (2 seasons) experiments. The 
percent gain and loss in yield of the curds over the control in each treatment plot were 
determined through the following formula used by Sathi et al. (2008). 
Loss in yield (%)  =  T-C × 100  
      T 
Gain in Yield (%)  = T-C × 100  
      C 
Where  
T = Yield obtained from treated plot (Intercropped plots)  
C = Yield obtained from Control plots (Unprotected) 
     
Table 4.11. Intercropping combinations used with the cauliflower 
  
Treatments Cauliflower + Intercropped  Sowing/Transplantation date in the plots 
T1 Cauliflower + Garlic 27th June 
T2 Cauliflower + Tomato 23rd June 
T3 Cauliflower + coriander 27th June 
T4 Cauliflower + Chilly 23rd June 
T5 Cauliflower (Sole)-Control 7th July 
 
Statistical Analysis 
 
Experiment was laid out according to Randomized Completely Block Design (RCBD) 
with two factors, and five replications and the data were statistically analyzed by using 
analysis of variance technique appropriate for RCB-Design (Steel and Torrie, 1980). By using 
a statistical software “Statistics 8.1®” version and the significant means were separated by 
Fisher’s Protected LSD test at alpha 0.05. 
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4.4.2 RESULTS 
 
4.4.2.1 Effect of intercropping with cauliflower on the population of P. xylostella during 
the Year 2012 and 2013 
 
Data regarding infestation in term of mean population of P. xylostella per plant of 
cauliflower and the effects of different intercrops on the population during the year 2012 and 
2013 has been shown in Table 4.12. Different intercrops significantly reduced the P. 
xylostella population at various levels (Appendix-15). The year 2012 data disclosed that 
highest number of mean larvae and pupae were recorded in coriander intercrop with 
cauliflower (6.26) after control (7.17) whereas the lowest population (3.44) per plant was 
recorded in the combination of garlic plus cauliflower, followed by tomato plus cauliflower 
(4.49) and chilli plus cauliflower (5.43). Similarly in the year 2013, the highest population of 
P. xylostella was documented in the control plot (7.06) which was followed by the 
combination of cauliflower plus coriander (6.26) and chilli plus cauliflower (5.43). During the 
same year the lowest population per plant was noted down in cauliflower plus garlic (3.50) 
followed by cauliflower plus tomato (4.53). Year as a source of variance was not found 
significant as there was no significant disparity recoded in the population of P. xylostella in 
both years (Appendix-15). The combine means of the two years population depicted that 
combination of garlic plus cauliflower was most successful in maintaining the infestation and 
the lowest number of larvae and pupae (3.47) per plant was reported in this combination 
followed by tomato and cauliflower combination (4.51). The highest mean number of larvae 
and pupae was hoarded in coriander plus cauliflower combination (6.26) after control (7.09), 
followed by chilli plus cauliflower (5.43). These result confirmed that intercropping garlic 
with cauliflower was the best combination to control P. xylostella population followed by 
tomato with cauliflower. In the current study, efficacy of intercrops were found in order of; 
cauliflower grown with garlic ˃ cauliflower grown with tomato ˃ cauliflower grown with 
chilli ˃ cauliflower grown with coriander ˃ cauliflower grown alone in term of suppression of 
larvae and pupae of P. xylostella in the experimental field. 
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Table 4.12. Effect of intercropping on the population of P. xylostella during the Year 
2012 and 2013 
 
Intercropping Year 1 Year 2 Mean 
Cauliflower + Garlic 3.44 3.50 3.47 e 
Cauliflower + Tomato 4.49 4.53 4.51 d 
Cauliflower + Coriander 6.26 6.26 6.26 b 
Cauliflower + Chilli 5.43 5.43 5.43 c 
Cauliflower + Sole (Control) 7.13 7.06 7.09 a 
LSD for Intercropping (5%) 0.292 0.283 0.187 
Intervals    
15 Jul (1st Observation) 1.15 1.25 1.20 k 
23 Jul (2nd Observation) 1.30 1.75 1.53 k 
30 Jul (3rd Observation) 3.20 2.85 3.03 j 
06 Aug (4th Observation) 3.55 4.05 3.80 i 
13 Aug (5th Observation) 4.15 4.65 4.40 h 
20 Aug (6th Observation) 5.00 4.90 4.95 g 
27 Aug (7th Observation) 6.10 5.70 5.90 f 
03 Sep (8th Observation) 6.60 6.80 6.70 d 
10 Sep (9th Observation) 7.85 8.10 7.98 b 
17 Sep (10th Observation) 8.55 8.30 8.43 b 
24 Sep (11th Observation) 9.15 9.00 9.08 a 
01 Oct (12th Observation) 8.20 8.15 8.18 b 
08 Oct (13th Observation) 7.20 6.95 7.08 c 
15 Oct (14th Observation) 6.40 6.15 6.28 e 
22 Oct (15th Observation) 5.90 5.65 5.78 f 
29 Oct (16th Observation) 5.15 5.15 5.15 g 
05 Nov (17th Observation) 3.85 4.10 3.98 i 
12 Nov (18th Observation) 3.00 2.90 2.95 j 
Mean for Year1 and Year2 5.35 5.36  
LSD for Interval 0.538 0.347 0.347 
Interaction    
Intercropping and interval ** ** **  
 
**: Highly Significant at α = 0.01 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
The effect of different intercrops with the cauliflower on the larval and pupal 
populations of P. xylostella was found statistically significant during the year 2012 and 2013.  
The time interval was recorded to significantly affect the population (Appendix-15). The 
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statistical analysis demonstrated that there was a highly significant association between time 
interval and various cropping combinations. The highest mean population density of P. 
xylostella per plant was recorded on 11th observation (9.08) on 24th September during the year 
2012 and 2013 followed by 10th (8.43), 12th (8.18) and 9th (7.98) observations on 17th 
September, 1st October and 10th September respectively. These three observations were at par 
with each other having no significant difference in term of population dynamics of P. 
xylostella. These highest population dates were then followed by 13th (7.08), 8th (6.70) and 
14th (6.28) observations recorded on 8th October, 3rd September and 15th October respectively. 
The lowest population of P. xylostella was recorded on 15th of July (1.20) followed by 2nd 
(1.53), 18th (2.95) and 3rd (3.03) observations documented on 23rd July, 12th November and 
30th July respectively. Various combinations of intercrops with cauliflowers and their 
interaction with the time (interval), showed the maximum mean population of P. xylostella 
recorded in September and October whereas the lowest was recorded in July to mid August 
and in November in both years (Table 4.12). 
 
4.4.2.2 Mean Yield obtained per plot of cauliflower treated with different intercropped 
 
Combine means yield of cauliflower in Kilogram (Kg) per plot (40 plants) shown in 
Table 4.13. All the treatments had a significant effect on the average yield per plot of 
cauliflower (Appendix-16). The results pertaining to the average yield demonstrated that the 
maximum mean yield of cauliflower was obtained from the plot of cauliflower with garlic 
(40.13 kg/40 plant) followed by the cauliflower plot intercropped with tomato (35.70 Kg) and 
cauliflower + chilli (32.06 Kg). The lowest average yield per plot was recorded in the 
untreated plot ((28.04 Kg) followed by cauliflower + coriander (30.16 Kg). Year as a source 
of variance was not found significantly different from each other in term of cauliflower yield. 
Effect of intercropping in terms of enhancement of yield of cauliflower was found in order of: 
cauliflower grown with garlic ˃ cauliflower grown with tomato ˃ cauliflower grown with 
chilli ˃ cauliflower grown with coriander ˃ sole crop of cauliflower. 
Results in Table 4.13, demonstrated that in the combination of cauliflower + Garlic 
plot, 30.13% expected losses in the two years means yield of cauliflower due to P. xylostella 
infestation were avoided, followed by the intercropping of tomato with cauliflower (21.46%) 
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and cauliflower + chilli (12.54%). The lowest losses of about 7.03% in the mean yield per 
plot were avoided in the combination of coriander + cauliflower plots. Similarly gain in yield 
calculated was variable. The highest gain in yield over the untreated plot was obtained from 
the plot of cauliflower + garlic (43.12%) and was followed by cauliflower + tomato (27.32%). 
The lowest gain (7.56%) over the control was recorded in the coalition of cauliflower with the 
coriander and was pursued by cauliflower + chilli (14.34%). Effect of intercropping in terms 
of percent avoidable losses and gain in yield over the untreated plot was established in the 
order of; cauliflower + garlic ˃ cauliflower + tomato ˃ cauliflower + chilli ˃ cauliflower + 
coriander.  
 
Table 4.13. Mean yield of cauliflower per plot, avoidable yield losses and gain in yield 
over the control in each treatment during the Year 2012 and 2013.   
 
Intercropping 
Mean  
Yield  
(2012) 
Mean  
Yield 
(2013) 
Combine 
Mean 
(2012-
2013)  
Avoidable 
yield loss 
(%) 
Gain in 
Yield over 
the sole crop 
(%) 
Cauliflower + Garlic 40.33 a 39.93 a 40.13 a 30.13 43.12 
Cauliflower + Tomato 35.78 b 35.63 b 35.70 b 21.46 27.32 
Cauliflower + Coriander 30.13 c 30.20 c 30.16 d 7.03 7.56 
Cauliflower + Chilli 32.28 c 31.85 c 32.06 c 12.54 14.34 
Cauliflower (Control) 27.85 d 28.23 d 28.04 e   
LSD 0.05 2.12 1.84 1.30   
Year Mean 33.27 33.17     
 
Means followed by different letters are significantly different @ 5% level of significance using LSD 
test. 
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4.4.3 DISCUSSION 
 
4.4.3.1 Effect of different intercropping on the population of P. xylostella  
 
Various studies have been conducted on the interaction between various intercropping 
and P. xylostella population management and it has been documented that vegetational 
diversity in the form of intercropping can result in reduced the densities of this insect pest. 
Pertaining to the importance of intercropping a review of about one hundred and fifty (150) 
published field research works was conducted studied its effects on a total of 198 herbivore 
species. 53% of the researchers has come across with the finding that there were less abundant 
population of the pest in the intercrop, 18% reported abundant in the intercrop,  9% showed 
no significant impact whereas 20% has documented an arable response. (Risch, 1983; Andow, 
1991; Asmanm et al., 2001; Berry et al., 2009; Lithourgidis et al., 2010). 
During the years 2012 and 2013, field trial have been conducted in district Haripur of 
Khyber Pakhtunkhwa using garlic, tomato, coriander and chili as intercropping with 
cauliflower to monitor mean infestation (larvae and pupae) of P. xylostella per plant and 
consequently summarized its effects on the yield. For intercropping with cauliflower, strip 
intercropping method was used and their influence on P. xylostella population was estimated.  
It was observed that the intercropped experimental plots had significantly lower the numbers 
of larvae and pupae and a higher yield of good quality cauliflower heads as compared to 
control plots. Garlic exhibited the maximum deleterious effect on curtailing P. xylostella 
population, followed by tomato, chili and coriander respectively. The mean population of P. 
xylostella recorded in the cauliflowers plots intercropped with garlic, tomato, chili and 
coriander were 3.47, 4.51, 5.43 and 6.26 per plant respectively during the year 2012 and 2013 
(from June to November) whereas the highest population was noted down in control plot.  
Our results are in conformity with the finding of many researchers. Sheehan, (1986) 
investigated that intercropping reduces pests’ populations as they act as physical barriers to 
insect and disrupt the chemical or visual communication between the P. xylostella and their 
host crop.  Controlling P. xylostella through intercropping is an effective and useful method 
but it has not received the relevant attention yet (Said and Itulya, 2003; Stoll, 2003; Meyer, 
2007). Facknath (2000) and Bijlmaker (2005) reported that garlic is a good intercrop found to 
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have repellent effect on P. xylostella and reducing its population in the field. Srinivasan and 
Moorthy (1991) reported that intercropping reduced the larval population of P. xylostella due 
to olfactory and visual cues received from host and non-host plants that lead to disruption of 
mating. They also stated that tomato is considered to liberate certain volatile chemicals which 
have a repellent action on the adults. Silva-Aguaya (2007) reported that various intercropping 
crops used for insect pest management purposes exhibit only deterrent influence and no 
confirmation of insecticidal properties by them whereas Endersby and Morgan (1991) in 
contrarily demonstrated that tomato and onion exhibit both insecticidal and repellent 
properties. These finding of intercropping garlic with cauliflower in reducing the population 
of P. xylostella has corroborated the reports of Talekar et al. (1986). Buranday and Raros 
(1973) and Sivapragasam et al. (1982) demonstrated similar results of tomato plants on P. 
xylostella when grown in inter-rows with cabbage. Garlic and coriander intercropping with 
cruciferace crops has long been used in China to control various insect pests as garlic released 
volatiles that reduce pest infestation by deterrence effect (Renwick, 1999; Calvo-Gomez et 
al., 2004) and change the behavour of the pest to find their host (Nottingham, 1987). Asare-
Bediako et al. (2010) reported that garlic have repellency effect on P. xylostella and possessed 
properties to disrupt the visual communication and thus reduce the infestation. Lalla et al. 
(2013) narrated that garlic possesses various insecticidal and microbial control properties. 
Successful attempts were made in Russia as tomato was intercropped with cabbage 
reduced damage to cabbage by several pests including P. xylostella (Talekar and Ying Lin, 
1998). Tomato was intercropped with Brussels sprouts to check the oviposition and damage 
caused by P. xylostella in the glasshouse and it was investigated that few eggs were laid by 
the pest in the tomato intercropped with sprouts than the brussel sprouts mono crop (Phillips, 
1977). Tomato intercropping was resulted as to reduce infestation of P. xylostella in 
cauliflower and cabbage (Makumbi, 1996; Facknath, 2000; Bijlmaker, 2005) and its odour 
repelled P. xylostella (Stoll, 2003; Minja et al., 2003; Silva-Aguayo, 2007) as well as 
deterring oviposition by the pest (Endersby and Morgan, 1991).  Wei et al. (2004, 2005) 
demonstrated that pepper (chilli) and some other non crucifers plants can control the growth 
and reduce feeding of P. xylostella. Dobson et al. (2002) demonstrated that chilli as 
intercropping crop with small scale brassica crops repelled P. xylostella and thus reduced 
infestation. 
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In contrary to our finding Lingappa et al. (2006) stated that intercropping is not 
reliable to control P. xylostella. Telekar and Shelton (1993) reported that in Thaiwan a study 
was conducted to investigate the impacts of about 54 non host plants on the population 
dynamics of P. xylostella but no significant impact was recorded however Hooks and Johnson 
(2003) accepted the importance of Intercropping and demonstrated that this practice can 
altered the oviposition of P. xylostella. Researchers like Luther et al. (1996), Maguire (1984), 
Talekar et al. (1986), Bender and Morrison (1994) studied the effect of intercropping on the 
management of P. xylostella demonstrated that there was no effect on the infestation 
reduction by this practice and even greater numbers of larvae and pupae were counted in 
polyculture. Latheef and Irwin (1979), Ivey and Johnson (1998) reported that intercropping 
produced inconsistent results in term of P. xylostella management (repellency) in various 
conducted experiments. 
 
4.4.3.2 Mean Yield obtained per plot of cauliflower plus different intercropped 
 
All the treatments had a significant effect on the production of cauliflower and the 
highest yield (40.13 kg) per plot (40 plants) was recorded in plots intercropped with garlic, 
followed by cauliflower plots intercropped with tomato (35.70 Kg), cauliflower + chilli plots 
(32.06 Kg) and cauliflower + coriander plots (30.16). The lowest yield (28.04 Kg) was 
obtained from the untreated (no intercropped) plots. Similarly the maximum yield gain 
(43.12%) over the control crop was documented in cauliflower + garlic, followed by 
cauliflower + tomato (27.32%), cauliflower + chilli (14.34%) and cauliflower + coriander 
(7.56%). Effect of intercropping in terms of highest yield per plot and gain in yield over the 
untreated plot was established in the order of; cauliflower + garlic ˃ cauliflower + tomato ˃ 
cauliflower + chilli ˃ cauliflower + coriander.  These results are in close conformity with 
Asare-Bediako et al. (2010) reported that intercropping cauliflower and cabbages with tomato 
and onion can replace insecticides in managing P. xylostella population below the economic 
injury level and thus resulted to improve the quality of heads and increase yield in comparison 
with control.  Similar result were also reported by Chikte et al. (2008) while intercropping 
sorghum and marigold with cotton to control Thrips population and produced high yield. 
Parallel to our finding, Andow (1991) reported that intercropping systems generally reduce P. 
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xylostella and other pest populations. Maluleke et al. (2005) and Issac et al. (2010) 
demonstrated that intercropping increase yield. Lithourgidis et al. (2011) stated that due to 
reduction of pest incidence in intercropping field, products outcomes per unit area increased 
than under sole cropping and yield maximized in a range from 20% to 60%.  Ogol and 
Makatiani (2007) recoded low population of P. xylostella larvae and pupae due to 
intercropping with cabbages and kale resulted into significantly higher marketable yield as 
compared to monoculture cabbage and kale. 
 
4.4.4 CONCLUSIONS 
  
• Among the used intercrops with the cauliflower crop for the management of P. 
xylostella, garlic produce excellent results in keeping the infestation low as compared 
to other companions.  
• Intercropping garlic with cauliflower is therefore recommended to the farmers for the 
management of P. xylostella in their fields. 
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4.5 MANAGEMENT OF P. XYLOSTELLA BY INDIVIDUAL AND 
SYNCHRONIZED EFFECT OF BEST INSECTICIDE AND INTERCROP 
SELECTED FROM THE PREVIOUS EXPERIMENTS 
 
4.5.1 MATERIALS AND METHODS 
 
4.5.1.1 Individual and synchronized effect of pesticide and intercrop on larval and pupal 
population of P. xylostella  
 
For synchronized effect, the research protocol of Fracknath (1996) and Sathi et al. 
(2008) with some necessary modifications were adopted. All experiments were conducted 
from June to November during the year 2013 in Sarai Saleh district Haripur in the farmer’s 
field. Best larval and pupal controlling insecticide (Lufenuron-IGR) and intercropped (Garlic) 
of P. xylostella in cauliflower fields were find out form our previous experiments 
(Insecticides (4.3) and intercropping (4.4) effect on P. xylostella population). The effects of 
Lufenuron insecticide and garlic intercropped on the larval and pupal population of P. 
xylostella and subsequently on yield were studied independently and in unified interaction for 
comparison with one others and control plots. The various combinations for the management 
of P. xylostella are given in Table 4.14. 
For the independent implantation of the treatment Lufenuron, experiment was laid out 
in Randomized Complete Block Design (RCBD) with four replications. Each replicated plot 
size was 3.5 x 3.5 m, with row to distance of 66 cm and plant to plant was 43 cm. A single 
plot had a density of forty plants, with five rows, and each row had a mass of eight plants. In 
the treatments combination of cauliflower + garlic (Intercropped) plots, RCB Design was  
used with four replications and garlic seeds were grown 10 days prior (27th June) to 
cauliflower seedlings transplantation. For intercropping the field size was 3.5 x 3.5 m, 
consisted of five rows (four rows for cauliflower and one for garlic) and each row of 
cauliflower was comprised of ten plants.  Row to row distance was 66 cm and plant to plant 
within the row was 35 cm. For intercropping strip intercropping method was used. For the 
synchronized effect of Lufenuron and garlic on the larval and pupal populations of P. 
xylostella, garlic was sown ten days prior to the cauliflower seedlings transplantation. For 
synchronization, RCB Design was used with four replications for each treatment. Each 
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replicated plot size was 3.5 x 3.5 m with row to row distance was 66 cm and plant to plant 35 
cm. Synchronized plots were consisted of five rows, had garlic in between the cauliflower 
rows (Two rows of cauliflower on each side of the garlic) and each cauliflower row had ten 
plants density, resulted into forty cauliflower plants per plot. 
Cauliflower seedlings (Shumaila variety-Syngenta Company) were transplanted in the 
field during the first week of July (7th July) in all combination plots and the standard 
agronomics practices were regularly applied. A total of six foliar sprays of Lufenuron (IGR) 
were applied to the independent combination of cauliflower + Lufenuron and synchronized 
combination of cauliflower + Lufenuron + garlic experimental plots. First foliar spray was 
applied on 14th July, after one week of the cauliflower seedling transplantation and the 
remaining spray were applied at an interval of 21 days, whereas no chemical were used in the 
cauliflower + garlic combination. 
For data collection in each treatment combination, after foliar spray application of 
Lufenuron insecticide, five cauliflower plants per replication were randomly selected and the 
numbers of larvae and pupae were counted after 24 hours, seven days (1st week) and fourteen 
days (2nd week). Similarly post Lufenuron data were taken in all the remaining five Lufenuron 
insecticides foliar application and in this way a total of eighteen observations were 
documented. The same pattern of data collection was followed in the combination of 
cauliflower + garlic and the untreated control plots of cauliflower. The infestation was 
recorded as mean numbers of larvae and pupae per cauliflower plant in each independent 
treatment and in synchronized combination and was compared for efficacy against P. 
xylostella management in cauliflower with each other and with the control and means was 
also correlated with the time interval. 
 
4.5.1.2 Abbott Formula (Biological Efficacy) of pesticide and intercrop 
 
Means infestation of P. xylostella per plant after each spray was calculated in all 
treated plots of all combinations and means of the means were pooled together to determined 
their subsequent manipulation for the comparison of Biological Efficacy (Abbott, 1925) 
against the pest in treated and untreated (control) plots using Abbott Formula. 
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Percent (%) decrease over control =   
 
Where 
 
A = Pest infestation (numbers of larvae and pupae per plant) in control plots 
B = Pest infestation (numbers of larvae and pupae per plant) in treated plots 
 
4.5.1.3 Mean Yield of cauliflower per plot 
 
Combine mean yield of cauliflower treated with various treatments during the year 
2013 were calculated. Finally the percent gain and loss in yield of the curds of cauliflower in 
independent treated and synchronized treated plots were determined through the following 
formula (Sathi et al., 2008). 
 
Loss in yield (%)  =  T-C × 100  
      T 
Gain in Yield (%)  = T-C × 100  
      C 
Where,  T = Yield obtained from treated plot (protected plot) 
C = Yield obtained from Control plot (Unprotected)  
 
Table 4.14. Individual and synchronized effect of the best pesticide and intercrop for 
the management of P. xylostella 
  
Treatments Combinations Studying Effect on P. xylostella  
T1 Cauliflower + Lufenuron insecticide (IGR) Independent effect 
T2 Cauliflower + Garlic (Intercropped) Independent effect 
T3 Best pesticides + Intercropping Synchronized (Unified interaction) 
T4 Cauliflower (Sole) – Control No treatment applied 
 
4.5.1.4 Statistical Analysis 
 
Experiment was laid out according to Randomized Completely Block Design (RCBD) 
with two factors and four replications and the data were statistically analyzed by using 
analysis of variance technique appropriate for RCB-Design (Steel and Torrie, 1980). By using 
a statistical software “Statistics 8.1®” version and the significant means were separated by 
Fischer’s Protected LSD test at alpha 0.05. 
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4.5.2 RESULTS 
  
4.5.2.1 Individual and Synchronized effect of Lufenuron (1st spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella 
  
Results pertaining to sole and synchronized effects of different treatments including 
Lufenuron (IGR), garlic (intercropping) and Lufenuron + garlic on the mean population of P. 
xylostella after the 1st spray of are shown in Table 4.15. It was recorded that impacts of the 
treatments on the mean population of P. xylostella were founded significant (Appendix-17). 
Mean population demonstrated that after the application of Lufenuron and intercropping in 
the cauliflower + Lufenuron + garlic plots, the lowest (0.6) mean numbers of larvae and 
pupae were recorded followed by the solitary manipulation of Lufenuron to cauliflower + 
Lufenuron plots (0.8). The maximum population (2.0) of P. xylostella per plant was counted 
in the untreated plots of cauliflower hounded by cauliflower + garlic experimental units with 
mean population of 1.4 larvae and pupae per plant. These results in terms of controlling the 
infestation (population) of P. xylostella were found in order of: cauliflower + Lufenuron + 
garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ cauliflower (untreated). 
Considering time interval and infestation interaction of P. xylostella, population 
increased with the passage of time and the highest number of mean larvae and pupae (1.7) per 
plant were counted in 3rd observation during 2nd week of treatments application followed by 
2nd observation (1.1) taken in the 1st week. The lowest mean population (0.8) was recorded 
after 24 hours of the spray. The interaction between treatments and time interval shown that 
the infestation of P. xylostella increased with the time interval; however the synchronization 
of cauliflower + Lufenuron + garlic was most successful followed by cauliflower + Lufenuron 
as compared to other treatments (Table 4.15).  
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Table 4.15.  Individual and Synchronized effect of Lufenuron (1st spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella  
 
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 0.5 0.7 1.3 0.8 c 
T2 Garlic + Cauliflower 1.0 1.3 2.0 1.4 b 
T3 Lufenuron+ Garlic + Cauliflower  0.2 0.6 0.9 0.6 c 
T4 Control 1.5 1.9 2.6 2.0 a 
Mean 0.8 b 1.1 b 1.7 a  
LSD0.05 for Pesticides 0.47    
LSD0.05 for intervals 0.40    
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.5.2.2 Individual and Synchronized effect of Lufenuron (2nd spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella 
  
Results accumulated in Table 4.16, demonstrated that the effect of various treatment 
found significant on the P. xylostella population in combination as well as in isolation 
(Appendix-18). The synchronized effect of cauliflower + Lufenuron + garlic was significant 
in controlling the population as compared to others treatments and was at par with the 
cauliflower + Lufenuron combination. The lowest population (0.9) was recorded in 
cauliflower + Lufenuron + garlic, followed by cauliflower + Lufenuron (1.2) and cauliflower 
+ garlic (3.1) respectively whereas the highest mean population per plant (4.6) was measured 
in the plots blended with zero treatment.  
Comparing the impacts of interval on the P. xylostella population, the numbers 
increased with time and 1.7, 2.3 and 3.4 mean numbers of larvae and pupae were recorded 
after 24 hours, 1st week and 2nd week of the application of Lufenuron to the various plots 
respectively. Interval were found significant (Appendix-18) as the population were increased 
from 1st (24 hours) to last (2nd week) data collection. These results in terms of controlling the 
infestation (population) of P. xylostella were found in order of: cauliflower + Lufenuron + 
garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ cauliflower (Sole). 
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Table 4.16. Individual and Synchronized effect of Lufenuron (2nd spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella  
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 0.6 1.0 2.0 1.2 c 
T2 Garlic + Cauliflower 2.3 3.0 4.0 3.1 b 
T3 Lufenuron+ Garlic + Cauliflower  0.5 0.8 1.5 0.9 c 
T4 Control 3.5 4.3 6.0 4.6 a 
Mean 1.7 c 2.3 b 3.4 a  
LSD0.05 for Pesticides 0.61    
LSD0.05 for intervals 0.53    
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
4.5.2.3 Individual and Synchronized effect of Lufenuron (3rd spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella. 
 
Effects of different treatments including Lufenuron and garlic in isolation and 
coordination on the mean population of P. xylostella after the 3rd spray showed that they had a 
significant effect on the mean population of P. xylostella (Appendix-19).  Mean population 
for the total duration demonstrated that after 3rd spray of Lufenuron the lowest population 
(1.2) of P. xylostella per plant were recorded in the cauliflower + Lufenuron + garlic plots, 
followed by the solitary manipulation of Lufenuron to cauliflower + Lufenuron plots (1.5) 
however they were not found significantly different from each other and were at par with one 
another.  The maximum population of P. xylostella in term of numbers of larvae and pupae 
per plant was recorded in the control plots (7.8) followed by cauliflower + garlic (5.3). These 
results in terms of controlling the infestation (population) of P. xylostella were found in order 
of: cauliflower + Lufenuron + garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ 
cauliflower (untreated). Relationship between time interval and population of P. xylostella 
was significant as the numbers of larvae and pupae per plant tremendously increased between 
1st and 3rd data collection. The highest number of larvae and pupae (4.9) per plant were 
counted in 3rd observation during 2nd week of treatments application followed by 2nd 
observation (3.8) taken in the 1st week. The lowest mean population per plant (3.2) was noted 
down after 24 hours of the treatments (Table 4.17). 
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Table 4.17.  Individual and Synchronized effect of Lufenuron (3rd spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella  
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 0.8 1.4 2.3 1.5 c 
T2 Garlic + Cauliflower 4.5 5.0 6.3 5.3 b 
T3 Lufenuron+ Garlic + Cauliflower  0.6 1.3 1.8 1.2 c 
T4 Control 6.8 7.5 9.3 7.8 a 
Mean 3.2 c 3.8 b 4.9 a  
LSD0.05 for Pesticides 0.55    
LSD0.05 for intervals 0.48    
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.5.2.4 Individual and Synchronized effect of Lufenuron (4th spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella. 
 
Harmonized and individual effects of Lufenuron and garlic on the mean population of 
P. xylostella have been shown in Table 4.18. Results demonstrated that both time interval and 
the effect of these treatments in isolation as well as in combination found significant on the 
management of P. xylostella population at different level (Appendix-20). The synchronized 
effect of cauliflower + Lufenuron + garlic was at par with cauliflower + Lufenuron and both 
were highly significant from other treatments. The lowest population (1.6) of P. xylostella 
was recorded in cauliflower + Lufenuron + garlic, followed by cauliflower + Lufenuron (1.9) 
whereas the highest mean population per plant (10.1) was measured in the plot blended with 
zero treatment followed by cauliflower + garlic (6.9). Evaluating the impacts of time interval 
on the fluctuation of P. xylostella population, the numbers increased with the passage of time 
and 4.5, 5.3 and 5.6 mean numbers of larvae and pupae were observed after 24 hours, 1st week 
and 2nd week of the application of Lufenuron to the various plots respectively, however 1st 
and 2nd weeks observations were not found significantly different from each other as 
compared to the 1st observation (after 24 hours) which was significantly different. These 
results in terms of controlling the infestation (population) of P. xylostella were found in order 
of: cauliflower + Lufenuron + garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ 
cauliflower (Sole). 
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Table 4.18.  Individual and Synchronized effect of Lufenuron (4th spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella 
  
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 0.9 1.9 3.0 1.9 c 
T2 Garlic + Cauliflower 6.6 7.3 6.8 6.9 b 
T3 Lufenuron+ Garlic + Cauliflower  0.8 1.6 2.5 1.6 c 
T4 Control 9.8 10.5 10.0 10.1 a 
Mean 4.5 b 5.3 a 5.6 a  
LSD0.05 for Pesticides 0.70    
LSD0.05 for intervals 0.61    
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.5.2.5 Individual and Synchronized effect of Lufenuron (5th spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella. 
 
Lufenuron (insecticide) and garlic (intercrop) treatments were used in isolation as well 
as in combination with each others in cauliflower field to determine its effects on the 
population dynamics of P. xylostella. After the application of Lufenuron (5thspray) to the 
cauliflower + Lufenuron and cauliflower + Lufenuron + garlic plots, mean numbers of P. 
xylostella larvae and pupae recorded. It was observed that influence of various treatments on 
the mean population of P. xylostella was highly significant (Appendix-21).  Mean population 
demonstrated that after 5th spray of Lufenuron the lowest population (1.2) of P. xylostella per 
plant was recorded in the cauliflower + Lufenuron + garlic plots, followed by the solitary 
manipulation of Lufenuron to cauliflower + Lufenuron plots (1.5) however these two 
treatments were found at par with one another.  The maximum population (8.6) per plant was 
recorded in the untreated plots followed by cauliflower + garlic (4.6) plots. These results in 
terms of controlling the infestation (population) of P. xylostella were found in order of: 
cauliflower + Lufenuron + garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ 
cauliflower (untreated). Treatments combine mean relationship between interval and 
infestation of P. xylostella were not found significantly different from each other and were at 
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par with one another, however cauliflower + Lufenuron + garlic  and cauliflower + Lufenuron 
plots were found significantly different between 1st and 3rd observation. The highest number 
of larvae and pupae (4.0) per plant was recorded both in 1st week and 2nd week observations. 
The lowest mean population per plant (3.8) was recorded after 24 hours of the spray (Table 
4.19).  
 
Table 4.19.  Individual and Synchronized effect of Lufenuron (5th spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella 
  
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 1.0 1.5 1.9 1.5 c 
T2 Garlic + Cauliflower 4.8 4.5 4.5 4.6 b 
T3 Lufenuron+ Garlic+ Cauliflower  0.9 1.2 1.6 1.2 c 
T4 Control 8.8 9.0 8.0 8.6 a 
Mean   3.8 a 4.0 a 4.0 a  
LSD0.05 for Pesticides 0.62    
LSD0.05 for intervals 0.54    
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.5.2.6 Individual and Synchronized effect of Lufenuron (6th spray) and intercropping 
garlic with cauliflower on the mean population of P. xylostella. 
 
In combination and individual effects of Lufenuron and garlic on the mean population 
of P. xylostella are given in Table 4.20. Results demonstrated that the effect of these 
treatments in isolation as well as in combination found significant on the management of P. 
xylostella population at different level (Appendix-22). The synchronized effect of cauliflower 
+ Lufenuron + garlic was at par with cauliflower + Lufenuron and both were highly 
significant from other treatments. The lowest population (1.0) of P. xylostella per plant was 
recorded in cauliflower + Lufenuron + garlic followed by cauliflower + Lufenuron (1.1). The 
highest mean population per plant was recorded in the control ((5.2) followed by cauliflower 
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+ garlic (2.3). Evaluating the impacts of interval on population, the numbers increased with 
time but was not found significantly different however cauliflower + Lufenuron + garlic  and 
cauliflower + Lufenuron plots were found significantly different between 1st and 3rd 
observation. After 24 hours, 1st week and in 2nd week, 2.7, 2.3 and 2.3 mean numbers of 
larvae and pupae were recorded respectively. Treatments effectiveness was found in order of: 
cauliflower + Lufenuron + garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic ˃ 
cauliflower (Sole). 
Table 4.20.  Individual and Synchronized effect of Lufenuron (6th spray) and 
intercropping garlic with cauliflower on the mean population of P. 
xylostella 
  
Treatment  Combination 24 Hours 1st Week 2nd Week Mean 
T1 Lufenuron + Cauliflower 0.9 1.1 1.4 1.1 c 
T2 Garlic + Cauliflower 2.8 2.3 2.0 2.3 b 
T3 Lufenuron+ Garlic+ Cauliflower  0.8 1.0 1.3 1.0 c 
T4 Control 6.3 4.8 4.5 5.2 a 
Mean 2.7 a 2.3 a 2.3 a  
LSD0.05 for Pesticides 0.49    
LSD0.05 for intervals 0.42    
 
Means within a row and column followed by different letters are significantly different @ 5% level of 
significance using LSD test. 
 
4.5.2.7 Percent Biological Efficacy (Abbott Formula) for Lufenuron (insecticide) and 
Garlic (intercrop) in management of P. xylostella. 
 
Result recorded in Table 4.21 demonstrated that six sprays of the IGR-Lufenuron were 
used each in the cauliflower + Lufenuron plots and cauliflower + Lufenuron + garlic plots 
whereas no spray were used in cauliflower + garlic plots and only garlic were used as 
intercrop with cauliflower for the management of P. xylostella. In control plots neither 
Lufenuron pesticide nor intercrop (garlic) was used. Data were recorded at 24 hours, 1st week 
and 2nd week interval after the application of each spray and at the same time data were taken 
in the intercropped plots and untreated plots for comparison. 
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The combined mean demonstrated that the lowest mean population (larvae and pupae) 
per plant was recorded in the synchronized plots of cauliflower + Lufenuron + garlic (1.08) 
followed by the cauliflower + Lufenuron (1.33) and cauliflower + garlic (3.93). The highest 
mean population was documented in control plots (7.26) that were significantly different from 
all other treatments. Mean populations were used to determine the Biological Efficacy of each 
treatment. Among the applied treatments in isolation and in combination, the synchronized 
effect of Lufenuron + garlic was the most effective treatment as compared to others and a 
biological efficiency of 85.08 % were recorded in this treatment against P. xylostella 
infestation management followed by Lufenuron + cauliflower (81.83%). The lowest 
biological efficacy was recorded in garlic + cauliflower plots (45.82%). These treatments 
were found in the biological efficacy order of; cauliflower + Lufenuron + garlic ˃ cauliflower 
+ Lufenuron ˃ cauliflower + garlic. 
 
Table 4.21. Percent Biological efficacy of Lufenuron and garlic individually and in 
their combination for the management of P.  xylostella in cauliflower. 
 
Mean Population 
Combinations 
Cauliflower 
+ 
Lufenuron 
Cauliflower 
+ 
Garlic 
Cauliflower 
+ 
Lufenuron + Garlic 
Cauliflower 
(Sole) 
Population after 1st Spray 0.8 1.4 0.6 2 
Population after 2nd Spray   1.2 3.1 0.9 4.6 
Population after 4th  Spray   1.5 5.3 1.2 7.8 
Population after 4th  Spray   1.9 6.9 1.6 10.1 
Population after 5th Spray   1.5 4.6 1.2 8.6 
Population after 6th Spray   1.1 2.3 1 5.2 
Pooled Mean 1.33 3.93 1.08 7.26 
B.E. (%) 81.63 % 45.82 % 85.08 % ------- 
 
B.E. (%) = Stand for ‘Percent Biological Efficacy’. It is also called Abbot Formula) 
Biological Efficacy =Infestation in Control Plot - infestation in Treated Plot *100/Infestation in Control Plot 
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4.5.2.8 Mean yield (Kg) of cauliflower treated with Lufenuron insecticide and garlic 
as intercrop individually and in combination for the management of P. 
xylostella 
 
Means of the yield of cauliflower in Kilogram (Kg) per plot (40 plants) at the time of 
harvest have been shown in Table 4.22. The data recorded demonstrated that all treatments 
had a significant effect on the population of P. xylostella and ultimately on production of 
cauliflower (Appendix-23). Results pertaining to the average yield per plot demonstrated that 
the maximum mean yield of cauliflower was obtained from the plots of cauliflower + 
Lufenuron + garlic (53.2Kg) followed by the cauliflower plot treated only with Lufenuron 
(50.8 Kg). The lowest average yield per plot was computed in the control untreated plot (27.7 
Kg) followed by cauliflower + garlic (40.4 Kg). Effect of these treatments in segregation and 
synchronization in term of enhancement of yield was found in order of: cauliflower treated 
with Lufenuron + intercropping with garlic ˃ cauliflower + Lufenuron ˃ cauliflower + garlic 
˃ untreated (sole) crop of cauliflower. 
 
The impacts of these treatments on the yield of cauliflower per plot (40 plants) 
demonstrated that the use of Lufenuron with garlic in cauliflower plots for management of P. 
xylostella was found most effective than their individual manipulation. Statistical analysis of 
the data described that the expected losses of 47.56 % in the mean yield due to P. xylostella 
infestation in the plot cauliflower + Lufenuron + garlic were avoided, followed by cauliflower 
+ Lufenuron (45.08%) and cauliflower + garlic (30.94%). In the same way, the maximum 
gain in mean yield over the control was calculated in cauliflower + Lufenuron + garlic plots 
(90.68%) followed by cauliflower + Lufenuron (82.08) and cauliflower + garlic (44.80). 
Effect of treatments in terms of percent avoidable losses and gain in yield over the untreated 
plot was established in the order of; cauliflower + Lufenuron + garlic ˃ cauliflower + 
Lufenuron ˃ cauliflower + garlic. 
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Table 4.22. Synchronized and individual effect of best insecticide (Lufenuron) and 
intercrop (garlic) on the mean yield of cauliflower per plot, avoidable yield 
loss (%) and gain in yield over control plot. 
 
 
Treatments 
Various combination 
Mean  Yield (Kg) 
(40 plants) 
Avoidable 
yield loss 
(%) 
Gain in 
Yield over 
the control 
(%) 
T1 Cauliflower + Lufenuron 50.8 a 45.08 82.08 
T2 Cauliflower  + Garlic 40.4 b  30.94 44.80 
T3 Cauliflower +Lufenuron +Garlic 53.2 a  47.56 90.68 
T4 Cauliflower (Sole) 27.9 c -------- ------- 
LSD 0.05 3.27   
 
Means followed by different letters are significantly different @ 5% level of significance using LSD 
test. 
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4.5.3. DISCUSSION 
 
On the basis of our research the best treatments, Lufenuron (insecticide) and garlic 
(intercrop) were selected and were evaluated for its individual and synchronized effects 
against the larval and pupal population of P. xylostella and consequently on cauliflower yield. 
A total of six spray of Lufenuron (IGR) were applied on cauliflower + Lufenuron and 
cauliflower + Lufenuron + garlic plots from June to November during the year 2013. 
Population of P. xylostella was also recorded in the cauliflower + garlic plots where no 
insecticide (Lufenuron) was used. The results were correlated with each other and with the 
control plots. It was recorded that there was a significant impact of cauliflower + Lufenuron + 
garlic combination on the population of P. xylostella and yield in comparison with other 
treatments. After taking mean of all the means (six spray mean population), the lowest mean 
population in term of larvae and pupae per plant was registered in cauliflower + Lufenuron + 
garlic plots (1.08) followed by cauliflower + Lufenuron (1.33). A mean population of 3.93 
larvae and pupae per plant was noted in the cauliflower + garlic plot that was significantly 
lower than control (7.06) which confirmed that garlic has a significant role in the reduction of 
P. xylostella infestation in cauliflower. It was also observed that population of P. xylostella 
was high in the month of September and October when the crop is in high vegetative growth 
stage and lower in Jun, July (Crop start) and in November (Harvesting stage).  
Confirming our findings, Prasad et al. (1998, 2001 and 2007) studied the efficacy of 
both intercropping and insecticides on the larval population of P. xylostella in cauliflower 
crops reported that there was a significant interactive effect of insecticides and intercropping 
on population control and enhancement of quality yield.  Facknath (1996) studied the 
combine effect of botanical pesticides with intercropping garlic, tomato or coriander (any 
one), reported that the result were more efficient to protect damages caused by P. xylostella in 
cabbages and low number of larvae and pupae were recorded per plant resulted into quality 
harvested heads. Wang et al. (1994) demonstrated that Lufenuron minimized the fecundity of 
P. xylostella. Similarly, female boll weevils, Anthonomus grandis treated by dipping with 
Lufenuron and mated with the untreated males, yielded 95 to 99% minimum egg-laying 
compared with controls (Haynes and Smith, 1993). Cail et al. (2011) studied the mortality 
effect of garlic with intercropping of Chinese cabbage reported there was significantly higher 
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mortality in the garlic intercropped crop than in monocultures of Chinese cabbage and further 
suggested that garlic can suppress P. xylostella population in the field for long duration rather 
than keeping it down for a short period. Silva-Torres et al. (2011) reported that intercropping 
did not reduce the rate of parasitism of P. xylostella larvae by natural enemies such as 
Oomyzus sokolowskii. Uthamasamy et al. (2011) stated that IGRs cause inhibition, chitin 
disruption and blockage of any of the events from biosynthesis, storage, release, transport and 
reception resulted into disturb behavioral or physiological activities and ultimately killed the 
P. xylostella. Sangareddy et al. (1999) found Novaluron (IGR) as the most successful 
pesticide to control P. xylostella as less population of larvae was recorded in cauliflower field 
treated with the IGR. Kulkarni (2001) reported that IGR was most consistent pesticide and in 
comparison with other insecticides used against P. xylostella, only two sprays of the IGR-
Novaluron were found to be a good alternative for 8-15 sprays of insecticides with better 
benefit cost ratio. Harishkumar et al. (2003) reported 90% larval mortality in P. xylostella 
with the IGR- novaluron @ 0.75 ml/l under laboratory condition. 
Asare-Bediako et al. (2010) studied the effects of various intercrops in cabbage viz 
garlic, onion, pepper and tomatoes and insecticide chlorpyrifos (Organophosphorous) to 
control P. xylostella, reported that both intercrops and the insecticides was significantly 
successful to restrain the growth of larvae and pupae in the field resulted into high yield but 
there was no significant different between cabbage plots sprayed with chlorpyrifos with the 
intercropped plots with respect to the weight of the mean heads per plot. Talekar et al. (1986) 
studied the effect of garlic and dill (intercrops) on P. xylostella, reported that garlic act as a 
repellent and reduce the infestation resulted into high yield. Zhou et al. (2012) studied the 
effect of garlic as intercropped with the wheat to assess the population of English grain aphid, 
Sitobion avenae, reported that there were significant interactions between wheat and garlic to 
reduce the population densities of S. avenae resulted into increase in grain weight and yield in 
comparison with the control. Debra and Misheck (2014) confirm our results and reported that 
garlic was used as intercrop with Cole crop which resulted into less insect damages than 
control. Mc Callum (2007) stated that garlic and onion produce certain excretions from their 
roots and aromas from leaves, which have beneficial effects on their counterparts, discourage 
insects and thus considered as the insect repellent plants.  Garlic produced allicin, a colorless 
liquid with a distinctive pungent smell that is anti bacterial and anti fungal and repel insects 
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pest, and has potential to control pests of cabbages (Moran 1992). Ogol and Makatiani (2007) 
in Kenya observed that intercropping cabbage or kale with garlic had significantly fewer 
numbers of P. xylostella larvae and pupae as compared to the monocrop of either kale or 
cabbage. Enyiukwu et al. (2014) demonstrated that garlic produced alkaloids and glycosides 
which disrupt the pest activity of crop damage. Garlic acted as anti-feedent and reduced the 
insect ability to feed on transplanted cabbages (Miller, 2004).  
The highest biological efficiency to control P. xylostella infestation was recorded in 
synchronized plots of cauliflower + Lufenuron+ garlic (85.08 %) followed by Lufenuron + 
cauliflower (81.83%) whereas the lowest biological efficacy was recorded in garlic + 
cauliflower plots (45.82%). In close conformity to our finding, Furiatti et al. (2009) conducted 
a laboratory experiment on testing the biological efficacy of Lufenuron on velvet bean 
caterpillar, Anticarsia gemmatalis, demonstrated that Lufenuron was highly efficient and the 
minimum relative effectiveness of 80% was estimated in it by the Abbott formula. Goud et al. 
(2006) studied the synchronized effect of Lufenuron (0.005%) and cartap hydrochloride (CH) 
(0.025%) demonstrated that overall efficacy of insecticidal treatments indicated a biological 
efficacy of 58.57% against P. xylostella. 
The impacts of the treatments was reflected in the marketable heads yield as the 
highest yield was recorded in cauliflower + Lufenuron +garlic plots (53.2Kg/40 plants), 
followed by cauliflower + Lufenuron (50.8) and cauliflower + garlic (40.4). The lowest yield 
was recorded in control (27.9 Kg). A gain of about 90.69% in the yield of cauliflower over the 
control was recorded in cauliflower + Lufenuron+ garlic plots followed by cauliflower + 
Lufenuron (82.08%) and cauliflower + garlic (44.80%). In term of best combination, these 
finding were found in sequence of: cauliflower + Lufenuron + garlic ˃ cauliflower + 
Lufenuron ˃ cauliflower + garlic ˃ cauliflower (untreated). Similar results were reported by 
Follas and Popay, (1995) who used Lufenuron at 25 g ha-1against P. xylostella in field 
condition at an interval of 14 days, reported that there was  lower damages and higher 
harvested quality and yield than standards cyhalothrin and was comparable to a seven (7) day 
B. thuringiensis programme. Baidoo et al. (2012) used garlic and onion as intercropped with 
cabbages reported that there was a reduced weight recorded in sole cabbage as a consequence 
of high pest attack whereas intercropped plots completely sustained the attack of P. xylostella 
resulted into higher heads and yield. Ogol and Makatiani (2007) stated that high yield and less 
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damage were recorded with intercropping garlic and onion with cabbage in comparison with 
the monocropped where higher foliar damage and fewer yields were documented. Sathi et al. 
(2008) demonstrated that higher reduction of larval incidence of P. xylostella was recorded in 
the experimental plots treated with the unified interaction of intercropping and insecticides in 
comparison to their independent action, resulted into substantial enhancement and 
significantly higher yield of marketable curds of cauliflower. 
P. xylostella has developed resistance to all major groups of insecticides due to sole 
rely on chemical control (Talekar, 1992; Syed and Fauzia, 1996; Endersby et al., 2008). 
Alternatively farmers using others measures including novel pesticides, microbial (BT) and 
Insect Growth Regulator (IGR), which is effective but very soon this insect will develop 
resistance to them if sensitive and quick measures are not taken.  Lufenuron affect the chitin 
synthesis and are less harmful to natural enemies including parasitoids and predators and the 
side effect on mammals are zero (Ishaaya and Horowitz, 1998), making this compound a 
potential candidature to be used against P. xylostella. Intercropping garlic as the most 
effective intercrops in combination with Lufenuron pesticides will be a best option for the 
future integrated pest management (IPM) of P. xylostella and high quality heads of 
Cauliflower ((Perng et al., 1988; Idris and Grafius, 1993). Zhou et al. (2012) reported that 
garlic emit volatiles when used as intercropped in Wheat crop and therefore, it can potentially 
contribute to reduce the use of synthetic pesticides and further enhance the Integrated pest 
Management system. 
 
4.5.4 CONCLUSIONS 
  
• Synchronization of Lufenuron and garlic produced remarkable results in terms of 
keeping the population of P. xylostella below the economic threshold level and high 
yield of cauliflower per plot was obtained as compared to their individual effects. 
• It is recommended that farmers apply Lufenuron and intercrop garlic with cauliflower 
at the same time to manage P. xylostella infestation 
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
• Plutella xylostella appeared during the 1st week after transplanting of the cauliflower 
seedlings. 
• The highest infestation was recorded in the month of September therefore steps are 
required in this month to manage it at proper time. 
• Rainfall had significant effect on the reduction of the pest population therefore, after 
rainfall spray schedule can be delayed. 
• Minimum and maximum temperature had not any significant effect on the population of 
P. xylostella. 
• Plutella xylostella population and infestation was higher on fresh leaves compared to 
older ones. 
• No genetic diversity in P. xylostella were calculated among the populations of Haripur, 
Swat and Peshawar districts and therefore, for further investigation it is required to 
collect more samples from a great diversity of habitats and more primers and samples 
within the population to be incorporated. 
• Lufenuron is comparatively more safer as compared with other insecticides used against 
parasitoids of P. xylostella in this study 
• Garlic was recorded a good companion crop with cauliflower to minimize infestation and 
damages caused by P. xylostella. 
• In order to Keep the P. xylostella population below the Economic Injury level, it is 
recommended that in conjunction with Lufenuron (IGR) application at proper time, garlic 
should be intercropped with cauliflower for their synchronized effect and best field 
results against this pest. 
• This kind of research is reported for the first time against P. xylostella in Khyber 
Pakhtunkhwa province therefore these basic information will be helpful for the farmers 
community to manage P. xylostella. 
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FUTURE CHALLENGES 
 
• Further studies are required to investigate population dynamics in other growing areas 
and seasons of the years for comparison. 
 
• For determining genetic diversity in P. xylostella, more samples from vast habitats 
needed to be analyzed, samples within the population may be incorporated and specific 
primers should be designed and other advanced techniques may be used. 
 
• Different management practices applied in this research study for the management of P. 
xylostella needed to be tested for their detrimental effects against predators and non 
target organisms. 
 
• The findings and recommendations of this research are required to be further investigated 
with the extension departments of the concerned districts for its suitability, sustainability 
and applicability. 
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SUMMARY 
Studies were carried out during the year 2012 and 2013 at Haripur, Peshawar and Swat 
Districts of Khyber Pakhtunkhwa to determine the population dynamics, molecular 
characterization and management of diamondback moth, Plutella xylostella (L.) (Lepidoptera: 
Plutellidae) in Cauliflower, Brassica oleracea L. var. botrytis.  For monitoring the population 
dynamics, cauliflower crops were grown in Haripur, Swat and Peshawar districts of Khyber 
Pakhtunkhwa having different altitudes and climatic conditions from June to November in 
2012 and 2013. All agronomic practices including regular weeding, irrigation and fertilization 
were carried out and no pesticides were applied. The population dynamics in term of larvae 
and pupae per plant were recorded through visual observations fortnightly and were correlated 
with temperatures (0C) (both maximum and minimum) relative humidity (%) and rainfall 
(mm). The maximum population was recorded in the month of September at all areas of the 
studies. During the year 2012, the highest population, 8.25±2.90, 5.7±1.04 and 4.75±2.14 per 
cauliflower plant were perceived on 28th of September at a maximum temperatures (0C) of 
27.2, 28.6 and 31.2 and minimum temperatures (0C) of 16.5, 20.8 and 16.8, relative humidity 
of 73, 84 and 80 and rainfall of 862, 331 and 300 in Haripur, Swat and Peshawar districts 
respectively. Similarly during the year 2013, the same trends were observed and highest 
number of larvae and pupae per plant (8.4±1.08, 5.35±2.32 and 6.7±1.71) were counted at 
Haripur, Swat and Peshawar at maximum temperature of 26.5, 27 and 31 and minimum 
temperature of 16.1, 17 and 20.5, RH of 72, 84 and 75 and RF of 567, 200 and 100 mm 
respectively during the month of September. In District Haripur, the lowest average 
population of 2.1±1.55 and 2.0±1.78 per plant were recorded in 2012 and 2013 respectively in 
the mid of July. Similarly in Swat 0.75±0.63 and 0.85±1.03 and in Peshawar 0.2±0.41 and 
0.4±0.71 were recorded as the lowest populations of P. xylostella in mid of July in both years 
respectively. The populations commence to buildup during the first week after transplanting 
the 23 days old seedlings to the field on 7th of July. The population increased with the 
vegetative growth of cauliflower and reached to maximum in September and then it declined 
near harvesting in November. Correlation matrix of P. xylostella population with the weather 
parameters in districts Haripur, Peshawar and Swat demonstrated that there was a non-
significant (p>0.05) association with both maximum and minimum temperatures. In all 
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districts, the interaction with maximum temperature was negative whereas with minimum 
temperature it was recorded negative in Haripur and positive in Peshawar and Swat. Percent 
relative humidity had a positive interaction with the population except in district Haripur 
during 2013 and was found statistically non-significant in Swat in 2013 and Haripur in 2012 
and 2013 but was significant in Peshawar in both years and in Swat during 2012. Rainfall 
illustrated a negative and highly significant (P<0.01) association with the population of P. 
xylostella in all areas.  Multiple regression models showed 87.56 to 98.06 % variability in 
population of P. xylostella in the studied areas due to maximum and minimum temperatures, 
RH (%) and RF during 2012 and 2013. 
Three geographically different populations of P. xylostella were collected from Swat, 
Peshawar and Haripur districts of Khyber Pakhtunkhwa and were investigated for molecular 
characterization using Random amplified polymorphic DNA (RAPD) primers technique. Ten 
out of the total used seventeen primers, gave positive results and were used further for 
determination of genetic variability among the selected populations. All the ten primers viz D-
12 (seq.CACCGTATCC), G-09 (seq. CTGACGTCAC), F-05 (seq. CCGAATTCCC), G-05 
(seq. CTGAGACGGA), D-16 (seq. AGGGCGTAAG), A-18 (Seq. AGGTGACCGT), G-11 
(seq. TGCCCGTCGT), E-17 (seq. CTACTGCCGT), G-13 (seq. CTCTCCGCCA) and G-05 
(seq. GATGACCGCC) engendered a total of 64 amplifications with a mean of 6.4 bands per 
primer at various loci within a range of between 250 to 1500 bp. The bands produced at 
different loci were all monomorphic and no polymorphisms were found among the three 
geographically different population of P. xylostella using RAPD (DNA) primers technique.  
To properly manage and keep the population of P. xylostella below the economic 
injury level (EIL), four novel and microbial-based synthetic insecticides including Lufenuron 
(IGR, 5% EC, 200ml/Acre), Arrivo (Pyrethroid, 10% EC, 250ml/Acre), Steward (Indoxacarb, 
15.84% EC, 175ml/Acre) and Emamectin Benzoate (biopesticides, 1.9% EC, 200ml/Acre) 
were evaluated along with the control in cauliflower crop for two consecutive seasons (June 
to November) during the year 2012 and 2013. The experiment was laid out in Randomized 
Complete Block Design in farmer’s field District Haripur, Khyber Pakhtunkhwa. Among the 
the used pesticides, Lufenuron was found significantly more effective to keep the population 
of P. xylostella below the economic injury level (EIL) as compared to other treatments 
whereas the highest mean population per plant was recorded in plots treated with Arrivo 
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insecticide. Lufenuron insecticide was most effective in suppressing the infestation 
immediately after application and the outcome was perpetual till the last data recorded. 
Similarly the highest biological efficacy (80.54%) and maximum mean yield (50.46 Kg/40 
plants) were recorded in plots treated with the Lufenuron and the minimum biological 
efficacy (36.13%) and less yield (34.30 Kg/40 plants) was accounted in the plots treated with 
the Arrivo. These pesticides were also evaluated for its safety against the larval and pupal 
parasitoids of P. xylostella and Lufenuron unearth to be the safest one for the natural enemies 
as compared to other used insecticides.  
Garlic (Allium sativum L), tomato (Lycopersicon esculentum Mill), chilli (Capsicum 
annuum L) and coriander (Coriandrum sativum L) were intercropped with the cauliflower to 
evaluate its effectiveness against the larval and pupal population of P. xylostella for two 
consecutive seasons during the year 2012 and 2013. Experiments were laid out in RCB 
Design and strip intercropping method was used. Garlic intercropping significantly (P<0.05) 
reduced the population of P. xylostella as compared to others intercrops whereas the highest 
mean population was recorded in cauliflower + coriander plots which was at par with the 
control (untreated) plots. Likewise, the highest average yield (40.13 Kg/40 plants), maximum 
percent gain (43.12%) over the control and avoidable losses (30.13%) per plot were obtained 
in cauliflower + garlic plots whereas the lowest yield (30.16 Kg/40 plants), minimum percent 
gain (7.56%) and percent avoidable losses (7.03%) were attained from the cauliflower plots 
intercropped with the coriander.  
The synchronized as well as individual effect of Lufenuron (insecticide) and garlic 
(intercrop) were investigated through field experiments against the population of P. xylostella 
during the year 2013. Lufenuron + garlic interaction produced highly significant (p < 0.01) 
results to suppress the infestation of P. xylostella as compared to their independent 
encounters. The lowest mean larval and pupal population per plant was recorded in the 
cauliflower plots treated with both Lufenuron and garlic whereas the highest infestation was 
measured in the cauliflower plots treated with sole garlic. The uppermost percent biological 
efficacy (85.08 %), highest percent gain (90.68 %) over the control and percent avoidable 
losses (47.56%) were achieved in the cauliflower plots sprayed with the Lufenuron 
insecticides and intercropped with the garlic. Similarly, the lowest percent biological efficacy 
(45.82%), percent gain in yield (44.80%) over the control and the minimum percent avoidable 
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losses (30.94%) were recorded in the cauliflower plots treated individually with the garlic 
intercrop for the management of P. xylostella. The synchronization of Lufenuron insecticide 
and garlic intercropping with cauliflower resulted into best combination that effectively 
control the P. xylostella population and therefore, recommended for farmer’s practices in 
cauliflower.  
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APPENDICES 
 
Appendix-1. Analysis of variance for the Multiple Regression equation for P. xylostella 
in District Haripur during the years 2012. 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 34.7020 8.67549 26.48** 0.0039 
Residual 4 1.3103 0.32756   
Total 8 36.0122    
 
** = Significant at P ≤ 0.01. 
 
Appendix-2. Analysis of Variance for the Multiple Regression equation for P. xylostella 
in District Haripur during the years 2013. 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 32.1672 8.04181 7.04* 0.0426 
Residual 4 4.5716 1.14291   
Total 8 36.7389    
 
* = Significant at P ≤ 0.05. 
 
Appendix-3. Analysis of Variance for the Multiple Regression equation for P. xylostella 
in District Peshawar during the years 2012. 
 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 20.0204    5.00510     50.60** 0.0011 
Residual 4 0.3956    0.09891   
Total 8 20.4160    
 
** = Significant at P ≤ 0.01. 
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Appendix-4. Analysis of Variance for the Multiple Regression equation for P. xylostella 
in District Peshawar during the years 2013. 
 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 30.6909    7.67271     10.07* 0.0230 
Residual 4 3.0491    0.76229   
Total 8 33.7400    
 
* = Significant at P ≤ 0.05. 
 
Appendix-5. Analysis of Variance for the Multiple Regression equation for P. xylostella 
in District Swat during the years 2012. 
 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 20.5806 5.14515 17.15** 0.0088 
Residual 4 1.2000 0.29999   
Total 8 21.7806    
 
 
** = Significant at P ≤ 0.01. 
 
Appendix-6. Analysis of Variance for the Multiple Regression equation for P. xylostella 
in District Swat during the years 2013. 
 
 
 
Source of 
Variation 
Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Regression 4 17.1786 4.29464 37.87** 0.0020 
Residual 4 0.4537 0.11342   
Total 8 17.6322    
 
** = Significant at P ≤ 0.01. 
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Appendix-7. Analysis of Variance for the effect of different pesticides on P. xylostella 
means infestation after 1st spray on 15th July. 
 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 0.26 0.26 0.28NS 0.62 
Rep with Year 6 5.60 0.93 3.82** 0.00 
Pesticides 4 36.56 9.14 37.38** 0.00 
Intervals 2 23.17 11.58 47.37** 0.00 
P x I 8 0.54 0.07 0.27 NS 0.97 
P x Y 4 0.34 0.09 0.35 NS 0.84 
I x Y 2 0.27 0.13 0.54 NS 0.58 
P x I x Y 8 99.44 12.43 50.84** 0.00 
Error 84 20.54 0.24   
Total 119 87.66    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
 
Appendix-8. Analysis of Variance for the effect of different pesticides on P. xylostella 
infestation after 2nd spray on 5th August. 
  
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 2.64 2.64 1.24NS 0.31 
Rep with Year 6 12.79 2.13 3.41** 0.00 
Pesticides 4 146.14 36.53 58.49** 0.00 
Intervals 2 115.53 57.77 92.49** 0.00 
P x I 8 6.39 0.80 1.28 NS 0.27 
P x Y 4 3.81 0.95 1.53 NS 0.20 
I x Y 2 0.10 0.05 0.08 NS 0.92 
P x I x Y 8 472.53 59.07 94.57** 0.00 
Error 84 52.46 0.62   
Total 119 341.63    
NS = Non-significant 
** = Significant at P ≤ 0.01. 
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Appendix-9. Analysis of Variance or the effect of different pesticides on P. xylostella 
infestation after 3rd spray on 26th August. 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 2.91 2.91 3.38 NS 0.12 
Rep with Year 6 5.17 0.86 1.31 NS 0.26 
Pesticides 4 724.70 181.18 274.87** 0.00 
Intervals 2 146.44 73.22 111.08** 0.00 
P x I 8 30.80 3.85 5.84** 0.00 
P x Y 4 2.38 0.60 0.90 NS 0.47 
I x Y 2 0.15 0.08 0.12 NS 0.89 
P x I x Y 8 1070.03 133.75 202.92** 0.00 
Error 84 55.37 0.66   
Total 119 970.04    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
Appendix-10. Analysis of Variance for the effect of different pesticides on P. xylostella 
infestation after 4th spray on 16th September. 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 3.17 3.17 4.31NS 0.08 
Rep with Year 6 4.41 0.74 1.45 NS 0.20 
Pesticides 4 1038.18 259.54 512.68** 0.00 
Intervals 2 187.59 93.79 185.27** 0.00 
P x I 8 51.10 6.39 12.62** 0.00 
P x Y 4 1.88 0.47 0.93 NS 0.45 
I x Y 2 1.39 0.69 1.37 NS 0.26 
P x I x Y 8 1714.78 214.35 423.40** 0.00 
Error 84 42.53 0.51   
Total 119 1333.58    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
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Appendix-11. Analysis of Variance for the effect of different pesticides on P. xylostella 
infestation after 5th spray on 07th October. 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 2.70 2.70 5.42 NS 0.06 
Rep with Year 6 2.99 0.50 0.85 NS 0.53 
Pesticides 4 840.82 210.21 358.46** 0.00 
Intervals 2 74.71 37.36 63.70** 0.00 
P x I 8 61.89 7.74 13.19** 0.00 
P x Y 4 0.86 0.22 0.37 NS 0.83 
I x Y 2 1.01 0.51 0.86NS 0.43 
P x I x Y 8 1147.26 143.41 244.55** 0.00 
Error 84 49.26 0.59   
Total 119 1034.93    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
 
 
Appendix-12. Analysis of Variance for the effect of different pesticides on P. xylostella 
infestation after 6th spray on 28th October.  
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 0.00 0.00 0.01NS 0.92 
Rep with Year 6 2.29 0.38 0.75 NS 0.61 
Pesticides 4 329.55 82.39 162.83** 0.00 
Intervals 2 19.56 9.78 19.33** 0.00 
P x I 8 35.93 4.49 8.88** 0.00 
P x Y 4 0.87 0.22 0.43 NS 0.79 
I x Y 2 0.76 0.38 0.75 0.47 
P x I x Y 8 526.78 65.85 130.14** 0.00 
Error 84 42.50 0.51   
Total 119 434.27    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
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Appendix-13. Analysis of Variance for the Average Yield (Kg) of Cauliflower treated 
with different insecticides during the year 2012 and 2013 
 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 7.14 7.14 5.48NS 0.06 
Rep with Year 6 7.81 1.30 0.39 NS 0.88 
Pesticides 4 2655.37 663.84 197.45** 0.00 
P x Y 4 2.50 0.63 0.19 NS 0.94 
Error 24 80.69 3.36   
Total 39 2753.52    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
 
 
Appendix-14. Analysis of Variance for the effects of insecticides on the percent mean 
emergence (parasitisation) of parasitoids C. plutellae, O. sokolowskii and 
D. semiclausum.  
 
 Source of Variation Degree of 
Freedom (DF) 
Sum of Square 
(SS) 
Mean Square 
(MS) 
F-Value P-Value 
Replication 3 28.53 9.51   
Natural Enemies (N.E) 2 2133.28 1066.64 196.85** 0.0000 
Insecticides (I) 4 1925.46 481.37 88.84** 0.0000 
N. E x insecticides 8 161.65 20.21 3.73** 0.0022 
Error 42 227.58 5.42   
Total 59 4476.50    
 
** = Significant at P ≤ 0.01. 
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Appendix-15. Analysis of Variance for the effect of intercropping with cauliflower on the 
population of P. xylostella during the Year 2012 and 2013 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 0.01 0.01 0.05NS 0.83 
Rep within year 6 0.68 0.11 0.18 NS 0.98 
Intercropping 4 1167.41 291.85 470.81** 0.00 
Intervals 17 3710.14 218.24 352.06** 0.00 
Intercrop x Interval 68 185.59 2.73 4.40** 0.00 
Interval x Y 4 14.54 3.64 5.87** 0.00 
Interval x Y 17 0.34 0.02 0.03 NS 1.00 
Intercrop x Interval x Y 68 4.86 0.07 0.12 NS 1.00 
Error 624 386.82 0.62   
Total 719 5470.39    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
 
Appendix-16. Analysis of Variance for the mean yield of cauliflower obtained per plot 
when cropped with various intercropped for the management of P. 
xylostella during the year 2012 and 2013. 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Year 1 0.11 0.11 0.03NS 0.87 
Rep with Year 6 23.96 3.99 2.41 NS 0.06 
Intercropping 4 731.01 182.75 110.29** 0.00 
Intercropping x Year 4 0.91 0.23 0.14 NS 0.97 
Error 24 39.77 1.66   
Total 39 795.76    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
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Appendix-17. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (1st spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella. 
 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 0.580 0.193 0.611NS 0.613 
Treatments (T) 3 14.789 4.930 15.573** 0.000 
Intervals (I) 2 6.307 3.153 9.961** 0.000 
Treatment x Interval 6 0.298 0.050 0.157 NS 0.986 
Error 33 10.447 0.317   
Total 47 32.421    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
Appendix-18. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (2nd spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella. 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 5.207 1.736 3.202* 0.036 
Treatments (T) 3 105.835 35.278 65.081** 0.000 
Intervals (I) 2 22.955 11.478 21.173** 0.000 
Treatment x Interval 6 2.615 0.436 0.804NS 0.574 
Error 33 17.888 0.542   
Total 47 154.500    
 
NS = Non-significant 
* = Significant at P ≤ 0.05 
** = Significant at P ≤ 0.01. 
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Appendix-19. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (3rd spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella. 
 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 2.382 0.794 1.810NS 0.165 
Treatments (T) 3 364.948 121.649 277.367** 0.000 
Intervals (I) 2 23.908 11.954 27.256** 0.000 
Treatment x Interval 6 2.565 0.428 0.975 NS 0.458 
Error 33 14.473 0.439   
Total 47 408.277    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
Appendix-20. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (4th spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella. 
 
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 0.226 0.075 0.106NS 0.956 
Treatments (T) 3 602.992 200.997 283.981** 0.000 
Intervals (I) 2 9.838 4.919 6.950** 0.003 
Treatment x Interval 6 7.372 1.229 1.736 NS 0.144 
Error 33 23.357 0.708   
Total 47 643.785    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
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Appendix-21. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (5th spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella.  
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 1.071 0.357 0.632 NS 0.600 
Treatments (T) 3 427.676 142.559 252.358** 0.000 
Intervals (I) 2 0.324 0.162 0.287 NS 0.753 
Treatment x Interval 6 4.546 0.758 1.341 NS 0.267 
Error 33 18.642 0.565   
Total 47 452.258    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
Appendix-22. Analysis of Variance for the individual and synchronized effect of 
Lufenuron (6th spray) and intercropping garlic with cauliflower on the 
mean population of P. xylostella  
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Rep. 3 0.622 0.207 0.596NS 0.622 
Treatments (T) 3 134.932 44.977 129.288** 0.000 
Intervals (I) 2 1.505 0.752 2.163 NS 0.131 
Treatment x Interval 6 7.948 1.325 3.808** 0.005 
Error 33 11.480 0.348   
Total 47 156.488    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
 
Appendix-23. Analysis of Variance for the synchronized and individual effect of best 
insecticide and intercrop on the mean yield of cauliflower per plot.  
 
Source of Variation Degree of 
Freedom (DF) 
Sum of 
Square (SS) 
Mean Square 
(MS) 
F-Value P-Value 
Replication 3 7.802 2.601 0.829NS 0.510 
Treatments 3 1595.002 531.667 169.557** 0.000 
Error 9 28.221 3.136   
Total 15 1631.024    
 
NS = Non-significant 
** = Significant at P ≤ 0.01. 
